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MODIFIED FIBER PROTEINS FOR EFFICIENT RECEPTOR BINDING 

Work described herein was supported by NIH grants EY1 1431 , 
HL54352 and AI42929. The government has certain rights in such 
5 subject matter. 

RELATED APPLICATIONS 
FIELD OF INVENTION 

Recombinant detargeted and retargeted adenovirus viral particles 
and vectors are provided. In particular, modified fibers for incorporation 

10 into adenovirus (Ad) particles and the resulting detargeted and retargeted 
particles are provided. Modified fibers from adenoviruses that bind to 
coxsackie-adenovirus receptor (CAR) in vivo contain modifications of 
repeats in the shaft. Viral particles that express such fibers exhibit 
reduced binding to CAR. 

15 BACKGROUND 

Most, if not all, adenoviral vector-mediated gene therapy strategies 
aim to transduce a specific tissue, such as a tumor or an organ. Such 
targeted delivery ideally requires ablation (detargeting) of a normal virus 
tropism and typically addition of new specificities (retargeting). Because 

20 multiple interactions between adenoviral particles and the host cell are 
required to promote efficient cell entry (Nemerow (2000) Virology 
274:1-4), detargeting and retargeting can be complex. One adenovirus 
entry pathway is believed to involve two separate cell surface events. 
First, a high affinity interaction between the adenoviral fiber and a cellular 

25 receptor mediates the attachment of the adenovirus particle to the cell 
surface. A subsequent association of penton protein of the capsid with 
the cell surface integrins aJ3 3 and ogff 5 , which act as co-receptors, 
potentiates virus internalization. 

There are a plurality of adenoviral fiber receptors present on 

30 specific cell types. Fibers of different subgroups of adenoviruses interact 
with different receptors. One such cell receptor is the coxsackie- 
adenovirus receptor (CAR), which is expressed in many human tissues 
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including lung epithelial cells (Bergelson etal., (1997) Science 275: 1320- 
1323). Fibers of all adenoviral subgroups, except subgroup B, have been 
shown to bind CAR (Bergelson etal., (1997) Science 275: 1320-1323; 
Roelvink et a/., (1998) J. Virol. 72: 589-596). Not all adenoviral 
5 subgroups, however, use CAR as their primary cell receptor (Arnberg 
(2000) J. Virol. 74: 42-48; Roelvink et a/.,(1996) J. Virol. 70: 7614- 
7621). Ad37, a subgroup D member, interacts with a 50 kDa protein 
found on conjunctival cells (Wu etal., (2001) Virology 279: 78-89). 

The association between adenoviral fiber and cell surface receptors 
10 is a complex, three-dimensional interaction ~ The recognition between 
fiber and receptor has been attributed in some cases to specific amino 
acid residues in the fiber knob, predominantly in the loops between fi. 
strands in the protein structure (Roelvink etal., (1999) Science 
255:1568-1571; Bewley etal., (1999) Science 256:1579-1583; Huang 
15 etal., (1999) J. Virol. 73:2798-2802). Recognition in vitro and 

recognition in vivo are not always paralleled. For example, the Ad37 fiber 
is unable to use CAR efficiently to infect host cells, despite containing a 
CAR binding site in its knob and binding CAR in in vitro studies (Arnberg 
(2000) J. Virol. 74: 42-48; Wu et a/., (2001 ) Virology 279: 78-89). 
20 In vivo adenoviral vector targeting is a major goal in gene therapy 

and a significant effort has been focused on developing strategies to 
achieve this goal. For many applications, the most clinically useful 
adenoviral vector would be deliverable systemically, such as into a 
peripheral vein, and would be targeted to a desired location in the body, 
25 and would not have undesirable side effects resulting from targeting to 
other locations. Successful targeting strategies therefore would direct the 
entire vector dose to the appropriate site and would be likely to improve 
the safety profile of the vector by permitting the use of lower, less toxic 
vector doses, which also can be potentially less immunogenic. Thus, 
30 there is a need to develop adenoviruses that are detargeted in vivo for use 



-2- 



Provisional Application ^_ 

22908P1237 



si* W "T/ & "W s| 



as a base vector and to develop retargeted adenoviruses for specific 
therapeutic uses. 

Therefore, among the objects herein, it is an object herein to 
provide detargeted adenoviral vectors, methods for preparation thereof, 
5 and uses thereof. Also among the objects herein, it is an object to 

provide retargeted adenoviral vectors for therapies, methods of production 

and uses thereof. 

SUMMARY 

Detargeted adenoviral particles, adenovirus vectors from which 

10 such particles are produced, methods for preparation of the vectors and 
particles and uses of the vectors and particles are provided. Provided and 
described are capsid modifications, particularly fiber shaft modifications, 
and the resulting proteins that, when expressed on adenoviral particles 
provide for detargeting of adenoviral vectors. The capsid modifications, 

1 5 such as the fiber shaft modifications, can be combined with other 

modifications, such as fiber knob and/or penton modifications, to produce 
detargeted adenoviral particles. Particular modifications alter the 
structure of a ^-strand or a jff-turn in the fiber shaft. Thus, adenoviral 
vectors and adenoviral particles whose native tropisms are reduced, 

20 including eliminated, through a modification or modifications of capsid 
proteins, particularly a fiber shaft, region, are provided. Hence, provided 
are capsid mutations, including fiber shaft modifications, that reduce or 
modulate binding to particular receptors, particularly Coxsackie- 
Adenovirus Receptor (CAR), thereby permitting efficient retargeting of 

25 adenoviral vectors that contain capsids with such modifications. Thus, 
provided are adenoviral particles with capsid mutations, including fiber 
shaft modifications, that reduce binding to particular receptors, thereby 
permitting efficient retargeting of adenoviral vectors that contain capsids 
with such modifications. 
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Provided are modified adenovirus (Ad) fiber proteins that include a 
shaft modification such that binding of the modified fiber to CAR fiber 
protein shaft is substantially reduced (reduced by at least 50%, 40%, 
30%, 10%, 5%, 1% or more) or eliminated (less than 1%, 0.5%, 0.1% 
5 or less compared to the unmodified shaft. The modified fibers are from 
adenovirus particles, such as Ad serotype C, such as Ad2 and Ad5, in 
which the fiber normally binds to CAR. The fibers include those in which 
the tertiary structure of modified fiber is altered compared to the 
structure of the unmodified fiber such that the modified fiber is more rigid 

10 than the unmodified fiber,. Modifications include any mutation, such as a 
deletion, insertion or replacement of at least one amino acid in the fiber 
shaft, particularly within the repeats of the fiber shaft such that the 
resulting fiber exhibits reduced binding to CAR, particularly in vivo. Any 
amino acids within a repeat can be modified, such as by replacing it with 

15 a non-conservative amino acid {see, e.g., TABLE 1 below listing 

conservative amino acid substitutions). Such modification can be done 
empirically by systematically replacing amino acids in a repeat, particularly 
repeats corresponding to the third and/or last full repeat, and testing the 
resulting fiber for binding to CAR in vitro. Any fiber that exhibits at least 

20 a two-fold, typically a 10, 100 or greater fold reduction in binding in vitro 
is selected. 

The modified fibers can include replacements of all or portions of 
the shaft with a shaft from a fiber that includes repeats that are more 
rigid than the fiber that binds to CAR, such as fiber shaft, particularly on 

25 or more 0 repeats from a serotype D fiber, such as an Ad37, Ad8, Ad9, 
Ad15, Ad19p shaft repeat. The replaced repeats in the CAR-binding fiber 
can be the third repeat and/or last full f} repeat in the shaft. The 
modifications can include deletion of one or more repeats, particularly, 
deletion of the third repeat and/or last full repeat whereby the resulting 

30 fiber does not bind to CAR. Exemplary third repeats from adenoviruses 
serotype D include those set forth in SEQ ID Nos. 58. 66, 67 and 68 and 
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exemplary modified last full repeats from adenovirus serotype D include 
those set forth in SEQ ID Nos. 48, 59, 60 and 61 . All or portions of 
each of these repeats can be used to replace the corresponding repeat in 
fibers of adenoviruses, such as serotype C viruses, that bind to CAR or 
5 can serve as templates for modifications to such fibers. Other 

modifications, include deletion of the one or more of the central repeats, 
such as fourteen central repeats. 

The fiber protein can also include one or more additional modifica- 
tions in the fiber. Such modifications can further ablate or reduce any 
10 binding to CAR, to Heparin Sulfate Proteoglycans (also referred to as 
heparin sulfate glycosaminoglycans; HSP), modifications to the fiber 
knob, particularly those that further reduce any binding to CAR, and 
modifications that add ligands to retarget the fiber to other receptors. 
Detargeted adenoviral particles, adenovirus vectors from which 
1 5 such particles are produced, methods for preparation of the vectors and 
particles and uses of the vectors and particles are provided. Provided and 
described are capsid modifications, particularly fiber shaft modifications, 
and the resulting proteins that, when expressed on adenoviral particles 
provide for detargeting of adenoviral vectors. The capsid modifications, 
20 such as the fiber shaft modifications, can be combined with other 

modifications, such as fiber knob and/or penton modifications, to produce 
detargeted adenoviral particles. Particular modifications alter the 
structure of a ^-strand or a /Murn in the fiber shaft. Thus, adenoviral 
vectors and adenoviral particles whose native tropisms are ablated 
25 (reduced or eliminated) through a modification or modifications of capsid 
proteins, particularly a fiber shaft region, are provided. Hence, provided 
are capsid mutations, including fiber shaft modifications, that ablate 
binding to particular receptors, particularly Coxsackie-Adenovirus 
Receptor (CAR), thereby permitting efficient targeting of adenoviral 
30 vectors that contain capsids with such modifications. Thus, provided are 
adenoviral particles with capsid mutations, including fiber shaft 
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modifications, that ablate or reduce binding to particular receptors, 
thereby permitting efficient retargeting of adenoviral vectors that contain 
capsids with such modifications. 

Provided are modified adenovirus (Ad) fiber proteins that include a 
5 shaft modification such that binding of the modified fiber to CAR fiber 
protein shaft is substantially reduced (reduced by at least 50%, 40%. 
30%, 10%, 5%, 1% or more) or eliminated (less than 1%. 0.5%, 0.1 %) 
or less compared to the unmodified shaft. The modified fibers are from 
adenovirus particles, such as Ad serotype C. such as Ad2 and Ad5, in 
10 which the fiber normally binds to CAR. The fibers include those in which 
the tertiary structure of modified fiber is altered compared to the 
structure of the unmodified fiber such that the modified is more rigid than 
the unmodified fiber. Included are modified fibers that are shortened or 
exhibit reduced flexibility compared to the unmodified fiber. 
1 5 Modifications include any mutation, such as a deletion, insertion or 
replacement of at least one amino acid in the fiber shaft, particularly 
within the repeats of the fiber shaft. The modified fibers can include 
replacements of all or portions of the shaft with a shaft from a fiber that 
includes repeats that are more rigid than the fiber that binds to CAR, such 
20 as fiber shaft, particularly on or more £ repeats from a serotype D fiber 
such as an Ad37, Ad8, Ad9, Ad15, Ad19p shaft repeat. The replaced' 
repeats in the CAR-binding fiber can be the third and or last full ft repeat 
in the shaft. The modifications can include deletion of one or more 
repeats, particularly, deletion of the third and/or last full repeat whereby 
25 the resulting fiber does not bind to CAR. Exemplary modified third 
repeats are set forth in those set SEQ ID Nos. 58, 66, 67 and 68 and 
exemplary modified last full repeats includes those set forth in SEQ ID 
Nos. 48. 59, 60 and 61. Other modifications, include deletion of the 
fourteen central repeats. 

30 The fiber protein can also include one or more additional 

modifications in the fiber. Such modifications can further ablate or reduce 
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any binding to CAR, to Heparin Sulfate Proteoglycans (also referred to as 
heparin sulfate glycosaminoglycans; HSP), modifications to the fiber 
knob, particularly those that further reduce any binding to CAR, and 
modifications that add ligands to retarget the fiber to other receptors. 
5 Nucleic acids encoding the fiber proteins, vectors containing the 

nucleic acids and cells containing the vectors and/or nucleic acids also are 
provided. Methods using the fibers for detargeting and retargeting of 
adenoviral particles, particular serotype C particles are provided, as are 
methods for using the particles for transducing cells, in vivo, in vitro and 

1 0 ex vivo for a variety of applications. Particular embodiments include the 
following embodiments and embodiments described and exemplified 
throughout the disclosure herein. 

Provided is a modified adenovirus fiber that has a shaft 
modification in a repeat corresponding to one or both of a third ^-repeat 

15 or a last full repeat, whereby binding of the fiber or of a viral particle 
containing such fiber to the coxsackie-adenovirus receptor (CAR) is 
- reduced eliminated compared to the unmodified fiber. The unmodified 
fibers bind to CAR, and reduction in binding is at least 2-, 5- 10-, 100-, 
200-, 500-, 1000-fold or more in vivo. In particular, the modified fiber 

20 modified fiber binds to CAR with less than 50%, 40%, 30%, 20%, 10%, 
5%, 1 % of the binding affinity of the unmodified fiber in vivo and can be 
assessed by in vitro methods. Typically, the modified fiber is more rigid 
than the unmodified fiber. 

Modifications include, but are not limited to, deletion, insertion or 
25 replacement (or other modification) of at least one amino acid in the fiber 
shaft repeat corresponding to a third repeat and/or a least full repeat, 
including replacement of a third 0 repeat and/or last full repeat with a 
corresponding repeat from a serotype D fiber shaft repeat sequence, 
whereby the resulting fiber exhibits reduced binding to CAR compared to 
30 the unmodified fiber. Exemplary modifications include at least one 
replacement or deletion of one or more amino acids in the fiber in the 
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contiguous sequence of amino acids corresponding to the amino acid 
sequence set forth in SEQ ID Nos. 42, 43 and/or 44 and SEQ ID Nos. 46 
and 47. Generally the unmodified fiber is from a serotype C adenovirus, 
such as Ad2 or Ad5. Serotype D adenoviruses include, but are not 
5 limited to, Ad8, Ad9, Adl 5, Ad1 9p and Ad3. The replacing third repeat 
can include a sequences of amino acids set forth in any of SEQ ID Nos. 

58, 66, 67 and 68, and the replacing last full repeat can include a 
sequence of amino acids, such as any set forth in any of SEQ ID Nos. 48, 

59, 60, 61, and SEQ ID NO. 49, which represents a consensus sequence. 
10 Other repeats can be replaced in addition to or instead of the third and/or 

last repeats as long as the resulting modified fiber exhibits reduced (at 
least 2-fold less, typically at least 10-, 50-, 100- fold or more-fold less) 
binding to CAR. 

The modified adenovirus fibers can include one or more one 

1 5 additional modification in the fiber protein, whereby the modified fiber 
binds to a receptor other than CAR with greater affinity than the 
unmodified fiber binds to such receptor or that further reduces binding to 
CAR or further adds any other desired property. Such modifications 
include a modification of the Heparin Sulfate Proteoglycans (HSP) binding 

20 site in a fiber shaft and modifications of the fiber knob, such as, for 
example, a fiber knobs from an adenovirus that does not interact with 
CAR. Such adenovirus knobs include those from Ad3 fiber knob, Ad41 
short fiber knob, or Ad35 fiber knob. Mutations of the knob include those 
in the AB loop and/or CD loop, such as K01 and K012. 

25 Any of the above modified adenovirus fibers can be from any 

serotype adenovirus, including a serotype A. B, C or F adenovirus, 
particularly those that are modified such that at least one amino acid 
corresponding to the consensus repeat sequence as set forth in SEQ ID 
No. 45 and/or 49 is modified (deleted, replaced or there is an insertion in 

30 the sequence) in the repeat corresponding to either the third repeat or the 
last full repeat. 
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Other modified fibers, such as those from serotype C viruses, 
including Ad2 and Ad5, include those where the unmodified fiber binds 
the Coxsackie-Adenovirus Receptor (CAR), the fiber protein includes a 
modification to the fiber protein shaft such that binding of the modified 
5 fiber to CAR is substantially reduced or eliminated, the modified fiber 
shaft contains repeats corresponding to the third repeat and the last full 
repeat, and at least one repeat of the fiber shaft is deleted. Such other 
repeats include, for example, repeats 4-1 7. Deletions include deletion of 
5 or more contiguous amino acids corresponding to positions 95-316 are 

10 deleted of an Ad5 fiber. 

Nucleic acid molecules encoding the modified fibers are provided. 
Included among the nucleic acid molecules are vectors, particularly, for 
example, adenovirus vectors, which also can include heterologous nucleic 
acid. The heterologous nucleic acid, for example, can be a regulatory 

15 sequence or can encode a gene product, such as, but are not limited to, 
therapeutic products. Adenovirus vectors, include, but are not limited to, 
early generation adenoviral vectors, gutless adenoviral vectors and 
replication-conditional adenoviral vectors, such as, for example, oncolytic 
vectors. Cells, including eukaryotic and prokaryotic cells, that contain the 

20 nucleic acid molecules also are provided. Included among the cells are 
cells from packaging cell lines. Also provided are packaging cell lines that 
contain the cells, particularly, the cells that contain nucleic acid that 
encodes the modified fiber as a separate construct from the adenoviral 
genome. 

25 Adenoviral particles that express the modified fibers also are 

provided. The particles can further include a additional capsid 
modifications, such as, but are not limited to, a penton modification. The 
particles can be such that the N-terminal portion of the fiber is from the 
same serotype of as the genome so that incorporation of the fiber into the 

30 capsid is facilitated. Typically N-terminal portion of the modified fiber 
includes at least the N-terminal 15, 16 or 17 amino acids of such fiber. 
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The particles also can include a targeting ligand in the capsid, such as in 
the fiber, for retargeting or targeting of the particles to selected cells or 
tissues. The particles can include further modifications of the capsid, 
including the fiber to alter additional binding or targeting properties of the 
particle. For example, the particles can include a modified fiber such that 
binding to HSP is altered compared to a particle that expresses an 
unmodified capsid, and/or can include a mutation in the a v integrin-binding 
region of the capsid, whereby binding to the integrin is eliminated or 
reduced, and/or further modifications, such as knob modification, such as 
a modification in the AB and/or CD loop, to further reduce or eliminate 
any CAR binding. 

Also provided are methods of detargeting an adenoviral vector by 
reducing or eliminating the binding of an adenoviral particle to CAR by 
producing an adenoviral particle that expresses any of the modified fibers. 

Compositions formulated for administration to a subject are 
provided. The compositions contain the adenovirus particles. 

Methods for treatment by administering the compositions are 
provided. The compositions can be administered in vivo or ex vivo by 
introducing the adenoviral particles into cells or into the subject for 
trafficking to selected target cells. 
BRIEF DESCRIPTION OF THE FIGURES 

Figures 1A and 1B set forth exemplary repeat alignments of the 
third repeat and the last full repeat sequences from adenovirus fiber 
proteins of Ad2, Ad5. Ad37, Ad8, Ad9 and Ad15; a consensus sequence 
for the last full repeat is set forth in Figure IB (see, SEQ ID No. 49). 

Figure 2 presents a schematic of fiber chimeras and the length and 
flexibility properties of each; Ad5 regions are shown in light gray and 
Ad37 regions are shown in black; repeats that contribute to the flexibility 
of the fiber are shown as striped ovals; pluses and minuses indicate the 
relative length or flexibility of the fiber or fiber chimera. 
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DETAILED DESCRIPTION 

A. DEFINITIONS 

B. Capsid modifications 

1 . Fiber genes and proteins 
5 2. The fiber shaft 

3. Modifications of the fiber shaft 

C. Nucleic acids. Adenoviral vectors and cells containing the 
nucleic acids and cells containing the vectors 

1. Adenoviral vectors and particles 
10 a. Gutless vectors 

b. Oncolytic vectors 

c. Helper independent viruses 

2. Packaging and complementing cell lines 

D. Detargeting 
15 E. Retargeting 

1 . Addition of targeting ligand 

2. Retargeting achieved through modified fibers 

F. Delivery of heterologous products * 
1 • Heterologous Polypeptides 

20 2. Gene Expression and Regulation 

a. Heterologous polynucleotides 

b. Regulation of gene expression 

G. Animal and human delivery 

H. Formulation and administration 

25 A. DEFINITIONS 

Unless defined otherwise, all technical and scientific terms used 
herein have the same meaning as is commonly understood by one of skill 
in the art of which the invention(s) belong. All patents, patent 
applications, published applications and publications, Genbank sequences, 

30 websites and other published materials referred to throughout the entire 
disclosure herein, unless noted otherwise, are incorporated by reference 
in their entirety. In the event that there are a plurality of definitions for 
terms herein, those in this section prevail. Where reference is made to a 
URL or other such identifier or address, it understood that such identifiers 

35 can change and particular information on the internet can come and go, 
but equivalent information is known and can be readily accessed, such as 
by searching the internet and/or appropriate databases. Reference thereto 
evidences the availability and public dissemination of such information. 
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As used herein, the term "adenovirus" or "adenoviral particle" is 
used to include any and all viruses that can be categorized as an 
adenovirus, including any adenovirus that infects a human or an animal, 
including all groups, subgroups, and serotypes. Depending upon the 
context, reference to "adenovirus" can include adenoviral vectors. There 
are at least 51 serotypes of Adenovirus that classified into several 
subgroups. For example, subgroup A includes adenovirus serotypes 12, 
18, and 31. Subgroup C includes adenovirus serotypes 1, 2, 5, and 6. 
Subgroup D includes adenovirus serotype 8, 9, 10, 13, 15, 17, 19, 20, 
22-30, 32, 33, 36-39 and 42-49. Serotype 19 has variants "a" and "p". 
Ad19p is a nonpathogenic variant of Ad 19 (Arnberg eta/. (1998) Virology 
227:239-244) while Ad 19a, along with Ad8 and Ad37, are major causes 
of epidemic keratoconjunctivitis (EKC). Ad19a and Ad37 have identical 
fiber proteins (Arnberg eta/. (1998) Virology 227:239-244) and have 
similar tropism in vivo. Subgroup E includes adenovirus serotype 4. 
Subgroup F includes adenovirus serotypes 40 and 41 . These latter two 
serotypes have a long and a short fiber protein. Thus, as used herein, an 
adenovirus or adenovirus particle is a packaged vector or genome. 

As used herein, "virus," "viral particle." "vector particle," "viral 
vector particle," and "virion" are used interchangeably to refer to 
infectious viral particles that are formed when, for example, a vector 
containing all or a part of a viral genome, is transduced into an 
appropriate cell or cell line for the generation of such particles. The 
resulting viral particles have a variety of uses, including, but not limited 
to, transferring nucleic acids into cells either in vitro or in vivo. For 
purposes herein, the viruses are adenoviruses, including recombinant 
adenoviruses formed when an adenovirus vector, such as any provided 
herein, is encapsulated in an adenovirus capsid. Thus, a viral particle is a 
packaged viral genome. An adenovirus viral particle is the minimal 
structural or functional unit of a virus. A virus can refer to a single 
particle, a stock of particles or a viral genome. The adenovirus (Ad) 
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particle is relatively complex and can be resolved into various 
substructures. 

Included among adenoviruses and adenoviral particles are any and 
all viruses that can be categorized as an adenovirus, including any 
5 adenovirus that infects a human or an animal, including all groups, 
subgroups, and serotypes. Thus, as used herein, "adenovirus" and 
"adenovirus particle" refer to the virus itself and derivatives thereof, and 
cover all serotypes and subtypes and naturally occurring and recombinant 
forms, except where indicated otherwise. Adenovirus and adenoviral can 
1 0 be abbreviated as "Ad". Included are adenoviruses that infect human 
cells. Adenoviruses can be wildtype or can be modified in various ways 
known in the art or as disclosed herein. Such modifications include, but 
are not limited to, modifications to the adenovirus genome that is 
packaged in the particle in order to make an infectious virus. Exemplary 

1 5 modifications include deletions known in the art, such as deletions in one 
or more of the E1a, E1b, E2a, E2b, E3, or E4 coding regions. Other 
exemplary modifications include deletions of all of the coding regions of 
the adenoviral genome. Such adenoviruses are known as "gutless" 
adenoviruses. The terms also include replication-conditional 

20 adenoviruses, which are viruses that preferentially replicate in certain 
types of cells or tissues but to a lesser degree or not at all in other types. 
For example, among the adenoviral particles provided herein, are 
adenoviral particles that replicate in abnormally proliferating tissue, such 
as solid tumors and other neoplasms. These include the viruses disclosed 

25 in U.S. Patent No. 5,998,205 and U.S. Patent No. 5,801 ,029. Such 
viruses are sometimes referred to as "cytolytic" or "cytopathic" viruses 
(or vectors), and, if they have such an effect on neoplastic cells, are 
referred to as "oncolytic" viruses {or vectors). As used herein, oncolytic 
adenoviruses refer to adenoviruses that replicate selectively in tumor 

30 cells. 
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As used herein, the terms "vector," "polynucleotide vector," 
"polynucleotide vector construct," "nucleic acid vector construct," and 
"vector construct" are used interchangeably herein to mean any nucleic 
acid construct that can be used for gene transfer, as understood by those 
5 skilled in the art. 

As used herein, the term "viral vector" is used according to its 
art-recognized meaning. It refers to a nucleic acid vector construct that 
includes at least one element of viral origin and can be packaged into a 
viral vector particle. The viral vector particles can be used for the purpose 

1 0 of transferring DNA. RNA or other nucleic acids into cells either in vitro or 
in vivo. Viral vectors include, but are not limited to, retroviral vectors, 
vaccinia vectors, lentiviral vectors, herpes virus vectors (e.g., HSV), 
baculoviral vectors, cytomegalovirus (CMV) vectors, papillomavirus 
vectors, simian virus (SV40) vectors, Sindbis vectors, semliki forest virus 

1 5 vectors, phage vectors, adenoviral vectors, and adeno-associated viral 
(AAV) vectors. Suitable viral vectors are described, for example, in U.S. 
Patent Nos. 6,057,1 55, 5,543,328 and 5,756,086. The vectors provided 
herein are adenoviral vectors. 

As used herein, "adenovirus vector", "adenoviral vector" are used 

20 interchangeably and are well understood in the art to mean a 

polynucleotide containing all or a portion of an adenovirus genome. An 
adenoviral vector refers to nucleic encoding a complete genome or a 
modified genome, or one that can be used to introduce heterologous 
nucleic acid when transferred into a cell, particularly when packaged as a 

25 particle. An adenoviral vector can be in any of several forms, including, 
but not limited to, naked DNA. DNA encapsulated in an adenovirus 
capsid, DNA packaged in another viral or viral-like form (such as herpes 
simplex, and AAV), DNA encapsulated in liposomes, DNA complexed 
with polylysine, DNA complexed with synthetic polycationic molecules, 

30 DNA conjugated with transferrin, DNA complexed with compounds such 
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as PEG to immunologically "mask" the molecule and/or increase half-life, 
or DNA conjugated to a non-viral protein. 

As used herein, a variety of vectors with different requirements and 
purposes are described. For example, one vector is used to deliver 
5 particular nucleic acid molecules into a packaging cell line for stable 
integration into a chromosome. These types of vectors also are referred 
}p as complementing plasmids. A further type of vector carries or delivers 
nucleic acid molecules in or into a cell line {e.g., a packaging cell line) for 
the purpose of propagating viral vectors; hence, these vectors also can be 

10 referred to herein as delivery plasmids. A third "type" of vector is the 
vector that is in the form of a virus particle encapsulating a viral nucleic 
acid and that contains a capsid modified as provided herein. Such 
vectors also can contain heterologous nucleic acid molecules encoding 
particular polypeptides, such as therapeutic polypeptides or regulatory 

1 5 proteins or regulatory sequences to target specific cells or cell types in a 
subject in need of treatment. 

As used herein, the term "motif" is used to refer to any set of 
amino acids forming part of a primary sequence of a protein, either 
contiguous or capable of being aligned to certain invariant or conserved 

20 positions, that is associated with a particular function. The motif can 
occur, not only by virtue of the primary sequence, but also as a 
consequence of three-dimensional folding. For example, the motif 
GXGXXG is associated with nucleotide-binding sites. In another example, 
the fiber is a trimer, hence the trimeric structure can contribute to the 

25 formation of a motif. Alternatively, a motif can be considered as a 
domain of a protein, where domain is a region of a protein molecule 
delimited on the basis of function without knowledge of and relation to 
the molecular substructure, as, e.g., the part of a protein molecule that 
binds to a receptor. For example, the motif KKTK (SEQ ID No. 65) 

30 constitutes a consensus sequence for fiber shaft interaction with HSP 
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(Heparin Sulfate Proteoglycans; also referred to as heparin sulfate 
glycosaminoglycans) . 

As used herein, the term "bind" or "binding" is used to refer to the 
binding between a ligand and its receptor, such as the binding of an Ad5 
5 shaft motif with HSP (Heparin Sulfate Proteoglycans), with a K d in the 
range of 10 2 to 10 16 mole/1, generally, 10 6 to 10 1s , 10" 7 to 10 15 and 
typically 10 B to 10 16 (and/or a K a of 10 5 -10 12 , 10 7 -10 12 , 10 8 -10 12 l/mole). 

As used herein, specific binding or selective binding means that the 
binding of a particular ligand and one receptor interaction (k a or K eq ) is at 

10 least 2-fold, generally, 5, 10, 50, 100 or more-fold, greater than for 

another receptor. A statement that a particular viral vector is targeted to 
a cell or tissue means that its affinity for such cell or tissue in a host or in 
vitro is at least about 2-fold, generally, 5, 10, 50, 100 or more-fold, 
greater than for other cells and tissues in the host or under the in vitro 

15 conditions. 

As used herein, the term "ablate" or "ablated" is used to refer to an 
adenovirus, adenoviral vector or adenoviral particle, in which the ability to 
bind to a particular cellular receptor is reduced or eliminated, generally 
substantially eliminated {i.e., reduced more than 10-fold, 100-fold or 

20 more) when compared to a corresponding wild-type adenovirus. An 

ablated adenovirus, adenoviral vector or adenoviral particle also is said to 
be detargeted, i.e., when the modified adenovirus, adenoviral vector or 
adenoviral particle does not possess the native tropism of the wild-type 
adenovirus. The reduction or elimination of the ability of the mutated 

25 adenovirus fiber protein and/or mutated adenovirus penton protein to bind 
a cellular receptor as compared to the corresponding wild-type fiber 
protein and/or wild-type penton protein can be measured or assessed by 
comparing the transduction efficiency (gene transfer and expression of a 
marker gene) of an adenovirus particle containing the mutated fiber 

30 protein and/or mutated penton protein compared to an adenovirus particle 
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containing the wild-type fiber protein and/or wild-type penton protein into 
cells having the cellular receptor. 

As used herein, binding of the modified fiber to CAR fiber protein 
shaft is said by reduced when it is reduced by at least 50%, 40%, 30%, 
5 1 0%, 5%, 1 % or more and is said to be eliminated when it less than 1 %, 
0.5%, 0.1 %) or less compared to the unmodified shaft in vivo. Binding is 
initially assess in in vitro assays. For the particular modifications provided 
herein, observation of reduction of binding to CAR in vitro correlates with 
a reduction in vivo. 

10 As used herein, tropism with reference to an adenovirus, refers to 

the selective infectivity or binding that is conferred on the particle by a 
capsid protein, such as the fiber protein and/or penton. 

As used herein, "penton" or "penton complex" is used herein to 
designate a complex of penton base and fiber. The term "penton" also is 

15 used to indicate penton base, as well as penton complex. The meaning 
of the term "penton" alone should be clear from the context within which 
it is used. 

As used herein, the term "substantially eliminated" with respect 
transduction efficiency refers to a transduction efficiency of less than 

20 about 50%, typically less than about 1 1 %, of the efficiency of the 
wild-type fiber containing virus. Generally, the reduced transduction 
efficiency is less than about 9%, and typically less than about 8% of the 
wild-type fiber containing virus. The transduction efficiency on cells can 
be measured by any method known to those of skill in the art (see, e.g., 

25 Example 1 of U.S. Application Serial No. 09/870,203 filed on 30 May 
2001, and published as U.S. Published application No. 20020137213, 
and of International Patent Application No. PCT/EP0 1/0628 6 filed 1 June 
2001). Briefly, cells are infected with the adenoviral vectors containing 
mutated fiber proteins to evaluate the effects of fiber amino acid 

30 mutations on CAR interaction and subsequent gene expression. 

Monolayers of cells in 12-well dishes are infected with, for example. 
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1000 particles per cell for 2 hours at 37° C. in a total volume of, for 
example, 0.35 ml of the DM EM containing 2% FBS. The infection medium 
is then aspirated from the monolayers and I ml of complete DM EM 
containing 10% FBS was added per well. The cells are incubated for a 
5 sufficient time, generally about 24 hours, to allow for 0-galactosidase 
expression, which is measured by a chemiluminescence reporter assay 
and by histochemical staining with a chromogenic substrate. The relative 
levels of £-galactosidase activity are determined using a suitable system, 
such as the Galacto-Light chemiluminescence reporter assay system 

10 (Tropix, Bedford, Mass.) Cell monolayers are washed with PBS and 
processed according to the manufacturer's protocol. The cell 
homogenate is transferred to a microfuge tube and centrifuged to remove 
cellular debris. Total protein concentration is determined, such as by using 
the bicinchoninic acid (BCA) protein assay (Pierce, Inc., Rockford, III.) 

1 5 with bovine serum albumin as the assay standard. An aliquot of each 
sample is then incubated with the Tropix 0-galactosidase substrate for 45 
minutes in a 96-well plate. A luminometer is used determine the relative 
light units (RLU) emitted per sample and then normalized for the amount 
of total protein in each sample (RLU/ug total protein). For the 

20 histochemical staining procedure, the cell monolayers are fixed with 0.5% 
glutaraldehyde in PBS, and then are incubated with a mixture of 1 mg of 
5-bromo-4-chloro-3-indolyl-yS-D-galactoside (X-gal) per ml, 5 mM 
potassium ferrocyanide, 5 mM potassium ferricyanide and 2 mM MgCI 2 in 
0.5 ml of PBS. The monolayers are washed with PBS and the blue cells 

25 are visualized by light microscopy, such as with a Zeiss ID03 microscope. 
As used herein, the phrase "reduce" or "reduction" refers to a 
change in the efficiency of transduction by an adenovirus containing a 
mutated fiber compared to the same adenovirus except that is contains 
the wild-type fiber. Typically the reduction in is about 90%, 80%, 75% 

30 or less than the wild-type. Generally, the change in efficiency is to a level 
of about 65% or less than wild-type. Typically it is about 55% or less. 

-18- 



Op iu» *.:« lyj 491 g a J £s !!. ,% a J 



Provisional Application W W 22908-P1237 



This system of transduction efficiency comparisons is able to rapidly 
analyze modified fiber proteins and/or modified penton proteins for desired 
tropism in the context of the viral particle. 

As used herein, the terms "mutate", "mutation", "modify" and 
5 "modification" refer to the deletion, insertion, replacement or change of at 
least one amino acid in the protein of interest. The amino acid can be 
changed by substitution or by modification in a way that derivatizes the 
amino acid. Thus, for example, at least one amino acid of the sequence 
KLGXGLXFD/N (SEQ ID No. 49), where X can be any amino acid, in an 

10 adenovirus fiber is mutated to ablate the viral interaction with CAR. 

As used herein, the term "chimeric" such as in the context of 
"chimeric protein" or "chimeric fiber" refers to a protein or polypeptide in 
which at least a portion, typically a portion containing more than 5 or 6 
contiguous amino acids, of the protein different from the wild-type 

1 5 protein. Chimeric proteins can be fusions of a wildtype protein with a 
second protein or portion thereof or a peptide. Chimeric proteins include 
proteins that have one region of the protein replaced with the region from 
another protein. For example, as described herein, chimeric fibers are 
constructed with the knob region from one adenovirus fiber joined to the 

20 tail and shaft regions from another Ad fiber. Also described herein are 
chimeric fibers that contain shaft regions made up of repeats from 
different Ad fibers. Examples of chimeric fiber proteins are shown in 
Figure 2. 

As used herein, the term "repeat" means a sequence of amino 
25 acids that occurs more than once within a polypeptide. In some cases, 
the repeats will be identical in amino acids sequence to one another. In 
other cases, the repeats are not identical; they can resemble a consensus 
sequence derived from comparison of some or all of the repeats within a 
protein or proteins. For example, as described herein, the adenovirus fiber 
30 shaft has repeats of amino acids, approximately 15 amino acids in length. 
The number of repeats within each fiber shaft varies between adenovirus 
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fibers. Each of these repeats resembles a consensus sequence 
abCdEfGhijKIMno (see, SEQ ID No. 45) where capitalized letters 
represent hydrophobic amino acids and the underlined residue (j) denotes 
the special proline or glycine that allows the 0 strands to form a 0-turn. 

As used herein, "at a position corresponding to" refers to a position 
[i.e., base number or residue number) in a nucleic acid molecule or protein 
relative to the position in another reference nucleic acid molecule or 
protein. Corresponding positions can be determined by comparing and 
aligning sequences to maximize the number of matching nucleotides or 
amino acid residues, for example, such that similarity between the 
sequences is greater than 25%, typically greater than 40%. The position 
of interest is then given the number assigned in the reference nucleic acid 
molecule. For example, it is shown herein that the third repeat in the 
fiber shaft of Ad5 occurs at amino acids 76-95 of SEQ ID No. 35. To 
identify the corresponding repeat in another adenovirus fiber, the 
sequences are aligned and then the positions that line up with amino 
acids 76-95 are determined. Since different adenovirus fibers can be of 
different lengths, the position designated amino acid 76 may not be 
amino acid 76, but instead is at a position that "corresponds" to the 
position in the reference sequence. Similarly, the repeat designated the 
third repeat in Ad5 may not be the third repeat of a different adenovirus 
fiber, but at a position such that the amino acids "correspond" to the 
amino acids of the third repeat. Exemplary repeats corresponding to the 
third repeat and to the last full repeat in fiber proteins from different 
adenoviruses are shown in Figures 1A and 1B. 

As used herein, the term "polynucleotide" means a nucleic acid 
molecule, such as DNA or RNA. The molecule can include regulatory 
sequences, and is generally DNA. Such polynucleotides are prepared or 
obtained by techniques known by those skilled in the art in combination 
with the teachings contained therein. 
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As used herein, the terms "protein" and "polypeptide" are used 
interchangeably. 

As used herein, "homologous" means about greater than 25% 
nucleic acid sequence identity, such as 25% 40%, 60%, 70%, 80%, 
5 90% or 95%. If necessary the percentage homology will be specified. 
The terms "homology" and "identity" are often used interchangeably. In 
general, sequences are aligned so that the highest order match is 
obtained (see, e.g. : Computational Molecular Biology, Lesk, A.M., ed., 
Oxford University Press, New York, 1988; Biocomputing: Informatics and 

10 Genome Projects, Smith, D.W., ed., Academic Press, New York, 1 993; 
Computer Analysis of Sequence Data, Parti, Griffin, A.M., and Griffin, 
H.G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in 
Molecular Biology, von Heinje, G., Academic Press, 1987; and Sequence 
Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, 

15 New York, 1991; Carillo et al. (1988) S/AM J Applied Math 45:1073). 
By sequence identity, the number of conserved amino acids are 
determined by standard alignment algorithms programs, and are used with 
default gap penalties established by each supplier. Substantially 
homologous nucleic acid molecules would hybridize typically at moderate 

20 stringency or at high stringency all along the length of the nucleic acid or 
along at least about 70%, 80% or 90% of the full-length nucleic acid 
molecule of interest. Also contemplated are nucleic acid molecules that 
contain degenerate codons in place of codons in the hybridizing nucleic 
acid molecule. 

25 Whether any two nucleic acid molecules have nucleotide sequences 

that are at least, for example. 80%, 85%, 90%, 95%, 96%, 97%, 98% 
or 99% "identical" can be determined using known computer algorithms 
such as the "FAST A" program, using for example, the default parameters 
as in Pearson et al. (1988) Proc. Natl. Acad. Sci. USA 55:2444 (other 

30 programs include the GCG program package (Devereux. J., et al., Nucleic 
Acids Research 12(0:387 (1984)), BLASTP, BLASTN, FASTA (Atschul, 



-21- 



Provisional Application 



S.F., etai, JMolec Biol 2/5:403 (1990); Guide to Huge Computers, 
Martin J. Bishop, ed., Academic Press, San Diego, 1994, and Carillo et al. 
(1988) SIAM J Applied Math 43:1073). For example, the BLAST function 
of the National Center for Biotechnology Information database can be 
5 used to determine identity. Other commercially or publicly available 
programs include, DNAStar "MegAlign" program (Madison, Wl) and the 
University of Wisconsin Genetics Computer Group (UWG) "Gap" program 
(Madison Wl)). Percent homology or identity of proteins and/or nucleic 
acid molecules can be determined, for example, by comparing sequence 

10 information using a GAP computer program (e.g., Needleman et al. 

(1970) J. Mol. Biol. 48:443, as revised by Smith and Waterman ((1981) 
Adv. Appl. Math. 2:482). Briefly, the GAP program defines similarity as 
the number of aligned symbols (i.e., nucleotides or amino acids) that are 
similar, divided by the total number of symbols in the shorter of the two 

15 sequences. Default parameters for the GAP program can include: (1) a 
unary comparison matrix (containing a value of 1 for identities and 0 for 
non-identities) and the weighted comparison matrix of Gribskov et al. 
(1 986) Nucl. Acids Res. 1 4:6745, as described by Schwartz and Dayhoff, 
eds., ATLAS OF PROTEIN SEQUENCE AND STRUCTURE, National 

20 Biomedical Research Foundation, pp. 353-358 (1979); (2) a penalty of 
3.0 for each gap and an additional 0.10 penalty for each symbol in each 
gap; and (3) no penalty for end gaps. Therefore, as used herein, the term 
"identity" represents a comparison between a test and a reference 
polypeptide or polynucleotide. 

25 As used herein, the term "alignment" represents a comparison 

between a test and a reference polypeptide or portion thereof such as the 
comparison of a repeat or repeats from an Ad5 fiber shaft to regions of a 
fiber shaft from another adenovirus fiber shaft such as Ad37 repeats. 
This alignment determines the corresponding positions or corresponding 

30 repeats as defined herein. 
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As used herein, the term "at least 90% identical to" refers to 
percent identities from 90 to 100% relative to the reference polypeptide 
or polynucleotide. Identity at a level of 90% or more is indicative of the 
fact that, assuming for exemplification purposes a test and reference 
polypeptide length of 100 amino acids are compared, no more than 10% 
(i.e., 10 out of 100) of amino acids in the test polypeptide differs from 
that of the reference polypeptides. Similar comparisons can be made 
between test and reference polynucleotides. Such differences can be 
represented as point mutations randomly distributed over the entire length 
of an amino acid sequence or they can be clustered in one or more 
locations of varying length up to the maximum allowable, e.g. 10/100 
amino acid difference (approximately 90% identity). Differences are 
defined as nucleic acid or amino acid substitutions, or deletions. At the 
level of homologies or identities above about 85-90%, the result should 
be independent of the program and gap parameters set; such high levels 
of identity can be assessed readily, often without relying on software. 

As used herein: stringency of hybridization in determining 
percentage mismatch is as follows: 

1) high stringency: 0.1 x SSPE, 0.1% SDS, 65 °C 

2) medium stringency: 0.2 x SSPE, 0.1% SDS, 50°C 

3) low stringency: 1 .0 x SSPE, 0.1 % SDS, 50°C 

Those of skill in this art know that the washing step selects for 
stable hybrids (see, e.g., Sambrook, E.F. Fritsch, T. Maniatis, in: 
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory 
Press (1989), vol. 3, p. B.13, see, also, numerous catalogs that describe 
commonly used laboratory solutions). SSPE is pH 7.4 phosphate- 
buffered 0.18 M NaCI. Further, those of skill in the art recognize that the 
stability of hybrids is determined by T m , which is a function of the sodium 
ion concentration and temperature (T m = 81.5° C-16.6(log 10 [Na + ]) + 
0.41(%G + C)-600/I)), so that the only parameters in the wash conditions 
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critical to hybrid stability are sodium ion concentration in the SSPE (or 
SSC) and temperature. 

It is understood that equivalent stringencies can be achieved using 
alternative buffers, salts and temperatures. By way of example and not 
5 limitation, procedures using conditions of low stringency are as follows 
(see also Shilo and Weinberg, Proc. Natl. Acad. Sci. USA 78:6789-6792 
(1981)): Filters containing DNA are pretreated for 6 hours at 40°C in a 
solution containing 35% formamide, 5X SSC, 50 mM Tris-HCI (pH 7.5), 
5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500/yg/ml denatured 

10 salmon sperm DNA (10X SSC is 1 .5 M sodium chloride, and 0.15 M 
sodium citrate, adjusted to a pH of 7). 

Hybridizations are carried out in the same solution with the 
following modifications: 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 
//g/ml salmon sperm DNA, 10% (wt/vol) dextran sulfate, and 5-20 X 10 6 

1 5 cpm 32 P-labeled probe is used. Filters are incubated in hybridization 

mixture for 18-20 hours at 40°C, and then washed for 1 .5 hours at 55°C 
in a solution containing 2X SSC, 25 mM Tris-HCI (pH 7.4), 5 mM EDTA, 
and 0.1% SDS. The wash solution is replaced with fresh solution and 
incubated an additional 1 .5 hours at 60°C. Filters are blotted dry and 

20 exposed for autoradiography. If necessary, filters are washed for a third 
time at 65-68°C and re-exposed to film. Other conditions of low 
stringency that can be used are well known in the art {e.g., as employed 
for cross-species hybridizations). 

By way of example and not way of limitation, procedures using 

25 conditions of moderate stringency include, for example, but are not 

limited to. procedures using such conditions as follows: Filters containing 
DNA are pretreated for 6 hours at 55°C in a solution containing 6X SSC, 
5X Denhart's solution, 0.5% SDS and 100/yg/ml denatured salmon sperm 
DNA. Hybridizations are carried out in the same solution and 5-20 X 10 6 

30 cpm 32 P-labeled probe is used. Filters are incubated in hybridization 

mixture for 18-20 hours at 55 °C. Washing of filters is done at 37°C for 
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1 hour in a solution containing 2X SSC, 0.1% SDS and then by washing 
twice for 30 minutes at 60°C in a solution containing 1X SSC and 0.1 % 
SDS. Filters are blotted dry and exposed for autoradiography. Other 
conditions of moderate stringency that can be used are well-known in the 
5 art. 

By way of example and not way of limitation, procedures using 
conditions of high stringency are as follows: Prehybridization of filters 
containing DNA is carried out for 8 hours to overnight at 65 °C in buffer 
composed of 6X SSC, 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 0.02% 

10 PVP, 0.02% Ficoll, 0.02% BSA, and 500 //g/ml denatured salmon sperm 
DNA. Filters are hybridized for 48 hours at 65 °C in prehybridization 
mixture containing 100 //g/ml denatured salmon sperm DNA and 5-20 X 
10 6 cpm of 32 P-labeled probe. Washing of filters is done at 37°C for 
1 hour in a solution containing 2X SSC, 0.01% PVP, 0.01% Ficoll, and 

1 5 0.01 % BSA. This is followed by a wash in 0.1 X SSC at 50°C for 45 

minutes before autoradiography. Other conditions of high stringency that 
can be used are well known in the art. 

The terms substantially identical, or substantially homologous or 
similar vary with the context as understood by those skilled in the 

20 relevant art and generally means at least 60% or 70%, preferably means 
at least 80%, 85% or more preferably at least 90%, and most preferably 
at least 95% identity. 

For purposes herein, amino acid substitutions can be made in any 
can be made by making conservative amino acid substitutions and also 

25 non-conservative amino acid substitutions and then, if necessary testing 
the resulting fiber for CAR binding activity in vitro, Amino acid 
substitutions for eliminating activity [i.e.. CAR binding) typically are made 
using non-conservative amino acids. Conservative substitutions of 
amino acids are known to those of skill in this art and can be made 

30 generally without altering the biological activity, for example enzymatic 
activity, of the resulting molecule. Those of skill in this art recognize 
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that, in general, single amino acid substitutions in non-essential regions of 
a polypeptide do not substantially alter biological activity (see, e.g., 
Watson etal. Molecular Biology of the Gene, 4th Edition, 1987. The 
Benjamin/Cummings Pub. co., p.224). The substitutions contemplated 
herein are in essential regions, the ^-repeats in the fiber shaft. Hence, 
substitution of any amino acid for another can reduce CAR binding 
activity. Conservative amino acid substitutions are made, for example, in 
accordance with those set forth in TABLE 1 as follows: 

TABLE 1 

Original residue Conservative substitution 

Ala < A > Gly; Ser, Abu 

Ar 9 < R > Lys, orn 

Asn (N) Gln; His 

C VS (C) Ser 
Gin (Q) Asn 
Glu(E) Asp 

G| V< G » Ala; Pro 

His < H > Asn; Gin 

lle Leu; Val; Met; Nle; Nva 



0 Leu (L) 



lle; Val; Met; Nle; Nv 



L V S <K » Arg; Gin; Glu 

Met < M > Leu; Tyr; lie; NLe Val 

Ornithine Lys; Arg 

Phe (F » Met; Leu; Tyr 

Ser (S) Tnr 

Thr (T) Ser 

Trp (W) Tyr 

T V r < Y > Trp; Phe 

Val « v > He; Leu; Met; Nle; Nv 

Substitutions can be determined empirically or in accord with known 

properties and/or can be determined in silico. 

As used herein, in silico refers to research and experiments 
performed using a computer. In silico methods include, but are not 
limited to, molecular modelling studies, biomolecular docking experiments, 
and virtual representations of molecular structures and/or processes, such 
as molecular interactions. 

As used herein, adenoviral genome is intended to include any 
adenoviral vector or any nucleic acid sequence, including any Ad vector 
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or nucleic acid comprising a modified fiber protein. All adenovirus 
serotypes are contemplated for use in the vectors and methods herein. 

As used herein, a packaging cell line is a cell line that is able to 
package adenoviral genomes or modified genomes to produce viral 
5 particles. It can provide a missing gene product or its equivalent. Thus, 
packaging cells can provide complementing functions for the genes 
deleted in an adenoviral genome (e.g., the nucleic acids encoding 
modified fiber proteins) and are able to package the adenoviral genomes 
into the adenovirus particle. The production of such particles requires 

10 that the genome be replicated and that those proteins necessary for 
assembling an infectious virus are produced. The particles also can 
require certain proteins necessary for the maturation of the viral particle. 
Such proteins can be provided by the vector or by the packaging cell. 
As used herein, detargeted adenoviral particles have ablated 

1 5 (reduced or eliminated) interaction with receptors with which native 
particles interact. Detargeted particles have two or more specificities 
altered. It is understood that in vivo no particles are ablated such that 
they do not interact with any cells. Detargeted particles have reduced, 
typically substantially reduced, or eliminated interaction with native 

20 receptors. For purposes herein, detargeted particles have reduced (2-fold, 
5-fold, 10-fold, 100-fold or more) binding or virtually no binding to CAR; 
detargeted vectors include further capsid modifications to eliminate 
interactions with other cell receptors, HSP and integrins. The particles 
still bind to cells, but the types of cells and interactions are reduced. 

25 As used herein, pseudotyping describes the production of 

adenoviral vectors having modified capsid protein or capsid proteins from 
a serotype different from the serotype of the vector itself. One example, 
is the production of an adenovirus 5 vector particle' containing an Ad37 or 
Ad35 fiber protein. This can be accomplished by producing the 

30 adenoviral vector in packaging cell lines expressing different fiber 

proteins. As provided herein, detargeting of an adenovirus 5 particle or 
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other serotype group C adenovirus or other adenovirus that binds to CAR 
to reduce or eliminate binding to CAR can be effected by replacing, 
mutating or deleting at least one of the repeat sequences within the fiber 
shaft. 

As used herein, receptor refers to a biologically active molecule 
that specifically or selectively binds to (or with) other molecules. The 
term "receptor protein" can be used to more specifically indicate the 
proteinaceous nature of a specific receptor. 

As used herein, "interact" and "interaction" such as in the context 
of fiber-receptor interactions refer to associations between molecules. 
These can involve direct and/or indirect associations, binding, and/or 
recognition between the molecules. 

As used herein, the term "cyclic RGD" (or cRGD) refers to any 
amino acid that binds to a v integrins on the surface of cells and contains 
the sequence RGD (Arg-Gly-Asp). 

As used herein, the term "heterologous polynucleotide" means a 
polynucleotide derived from a biological source other than an adenovirus 
or from an adenovirus of a different serotype or it can be a polynucleotide 
that is in a different locus from wild-type virus. The heterologous 
polynucleotide can encode a polypeptide, such as a toxin or a therapeutic 
protein. The heterologous polynucleotide can contain regulatory regions, 
such as a promoter region, such as a promoter active in specific cells or 
tissue, for example, tumor tissue as found in oncolytic adenoviruses. 
Alternatively, the heterologous polynucleotide can encode a polypeptide 
and further contain a promoter region operably linked to a coding region. 

As used herein, reference to an amino acid in an adenovirus protein 
or to a nucleotide in an adenovirus genome is with reference to Ad5, 
unless specified otherwise. Corresponding amino acids and nucleotides in 
other adenovirus strains and modified strains and in vectors can be 
identified by those of skill in the art. Thus recitation of a mutation is 
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intended to encompass all adenovirus strains that possess a 
corresponding locus. 

As used herein, the KO mutations refer to mutations in fiber that 
knock out binding to CAR such as those exemplified in U.S. Application 
Serial Nos. 10/351,890 and 60/459,000. For example, a K01 mutation 
refers to a mutation in the Ad5 fiber and corresponding mutations in other 
fiber proteins. In Ad5, this mutation results in a substitution of fiber 
amino acids 408 and 409, changing them from serine and proline to 
glutamic acid and alanine, respectively. As used herein, a K012 mutation 
refers to a mutation in the Ad5 fiber and corresponding mutations in other 
fiber proteins. In Ad5, this mutation is a four amino acid substitution in 
SEQ ID No. 35 as follows: R512S, A515G, E516G, and K517G. Other 
KO mutations can be identified empirically or are known to those of skill 
in the art. 

As used herein, PD mutations refer to mutations in the penton gene 
that ablate binding by the encoded to a v integrin by replacing the RGD 
tripeptide. For example, the PD1 mutation exemplified in U.S. Application 
No. 60/459,000 results in a substitution of amino acids 337 through 344 
of the Ad5 penton protein, HAIRGDTF (SEQ ID No. 61 ), with amino acids 
SRGYPYDVPDYAGTS (SEQ ID No. 62), thereby replacing the RGD 
tripeptide. 

As used herein, treatment means any manner in which the 
symptoms of a condition, disorder or disease are ameliorated or otherwise 
beneficially altered. 

As used herein, a therapeutically effective product is a product that 
is encoded by heterologous DNA that, upon introduction of the DNA into 
a host, a product is expressed that effectively ameliorates or eliminates 
the symptoms, manifestations of an inherited or acquired disease or that 
cures said disease. 

As used herein, a subject is an animal, such as a mammal, typically 
a human, including patients. 
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As used herein, genetic therapy involves the transfer of heterol- 
ogous DNA to certain cells, target cells, of a mammal, particularly a 
human, with a disorder or conditions for which such therapy is sought. 
The DNA is introduced into the selected target cells in a manner such that 
5 the heterologous DNA is expressed and a therapeutic product encoded 
thereby is produced. Alternatively, the heterologous DNA can in some 
manner mediate expression of DNA that encodes the therapeutic product, 
it can encode a product, such as a peptide or RNA that in some manner 
mediates, directly or indirectly, expression of a therapeutic product. 

10 Genetic therapy also can be used to deliver nucleic acid encoding a gene 
product to replace a defective gene or supplement a gene product 
produced by the mammal or the cell in which it is introduced. The 
introduced nucleic acid can encode a therapeutic compound, such as a 
growth factor or inhibitor thereof, or a tumor necrosis factor or inhibitor 

1 5 thereof, or a receptor therefor, that is not normally produced in the 
mammalian host or that is not normally produced in therapeutically 
effective amounts or at a therapeutically useful time. The heterologous 
DNA encoding the therapeutic product can be modified prior to 
introduction into the cells of the afflicted host in order to enhance or 

20 otherwise alter the product or expression thereof. 

As used herein, a therapeutic nucleic acid is a nucleic acid that 
encodes a therapeutic product. The product can be nucleic acid, such as 
a regulatory sequence or gene, or can be a protein that has a therapeutic 
activity or effect. For example, therapeutic nucleic acid can be a 

25 ribozyme, antisense, double-stranded RNA, a nucleic acid encoding a 
protein and others. 

As used herein, substantially identical to a product means 
sufficiently similar so that the property of interest is sufficiently 
unchanged so that the substantially identical product can be used in place 

30 of the product. 
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As used herein, substantially pure means sufficiently homogeneous 
to appear free of readily detectable impurities as determined by standard 
methods of analysis, such as thin layer chromatography (TLC). gel 
electrophoresis and high performance liquid chromatography (HPLC), used 
5 by those of skill in the art to assess such purity, or sufficiently pure such 
that further purification would not detectably alter the physical and 
chemical properties, such as enzymatic and biological activities, of the 
substance. Methods for purification of the compounds to produce 
substantially chemically pure compounds are known to those of skill in 

10 the art. A substantially chemically pure compound can, however, be a 
mixture of stereoisomers or isomers. In such instances, further 
purification might increase the specific activity of the compound. 

The methods and preparation of products provided herein, unless 
otherwise indicated, employ conventional techniques of chemistry, 

15 molecular biology, microbiology, recombinant DNA, genetics, 

immunology, cell biology, cell culture and transgenic biology, which are 
within the skill of the art (see, e.g., Maniatis et al. (1982) Molecular 
Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press, Cold 
' Spring Harbor, NY); Sambrook et al. (1 989) Molecular Cloning: A 

20 Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY; Ausubel et al. (1992) Current Protocols in Molecular Biology, 
Wiley and Sons, New York; Glover (1 985) DNA Cloning I and II, Oxford 
Press; Anand (1992) Techniques for the Analysis of Complex Genomes 
(Academic Press); Guthrie and Fink (1991) Guide to Yeast Genetics and 

25 Molecular Biology. Academic Press; Harlow and Lane (1 988) Antibodies: 
A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring 
Harobor, NY; Jakoby and Pastan, eds. (1979) Cell Culture. Methods in 
Enzymology 58, Academic Press, Inc., Harcourt Brace Jaovanovich, NY; 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984); 

30 Culture Of Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); 

Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal (1984), A 
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flraclfca/ Gu/V/e To Molecular Cloning; Gene Transfer Vectors For 
Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring 
Harbor Laboratory); Methods in Enzymology, Vols. 154 and 155 (Wu et 
al. eds.); Immunochemical Methods In Cell And Molecular Biology (Mayer 
5 and Walker, eds., Academic Press, London, 1 987); Handbook Of 

Experimental Immunology, Volumes l-IV (D. M. Weir and C. C. Blackwell, 
eds., 1986); Hogan et at. (1986) Manipulating the Mouse Embryo, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 
B. Capsid modifications 

1 0 Provided herein are modifications of the viral capsid that ablate the 

interaction of an adenovirus with its natural receptors and optionally 
modifications that add interactions with targeted receptors. In particular, 
fiber modifications that result in reduction or ablation of the interaction of 
an adenovirus, particularly in vivo, with CAR. The adenovirus is one that 

1 5 in its native form interacts, particularly in vivo, with CAR. These fiber 
modifications can be combined with other capsid protein modifications, 
such as other fiber modifications and/or penton and/or hexon modifi- 
cations, to ablate viral interactions with natural receptors, when 
expressed on a viral particle and/or to introduce interactions with targeted 

20 receptors. The modification should not disrupt trimer formation or 
transport of fiber into the nucleus. 

1 . Fiber genes and proteins 

The fiber protein extends from the capsid and mediates viral 
binding to the cell surface by binding to specific cell receptors (Philipson 

25 et al. (1968) J. Virol. 2:1064-1075). The fiber is a trimeric protein that 
includes an N-terminal tail domain that interacts with the adenovirus 
penton base, a central shaft domain of varying length, and a C-terminal 
knob domain that contains the cell receptor binding site (Chroboczek et 
al. (1995) Curr.Top.Microbiol.lmmunol. 733:163-200; Riurok et al. (1990) 

30 J. Mot. Biol. 2/5:589-596; Stevenson et at. (1995) J. Virol. S3: 2850- 
2857). The sequences of the fiber gene from a variety of serotypes 
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including adenovirus serotypes 2 (Ad2), Ad5, Ad3, Ad35. Ad 12, Ad40, 
and Ad41 are known. There are at least 21 different fiber genes in 
Genbank. 

As noted, the fiber protein can be divided into three domains (see, 
5 e.g., Green et al. (1983) EMBO J. 2:1357-1365). The conserved 
N-terminus contains the sequences responsible for association with the 
penton base as well as a nuclear localization signal. A rod-like shaft of 
variable length contains repeats of typically an about 1 5 amino acid /?- 
structure, with the number of repeats ranging from about 6 to 23 (For 

10 example, 6 repeats in Ad3, 8 repeats in Ad37, 12 repeats in Ad4, 22 
repeats in Ad5 and Ad41, and 23 repeats in Ad12). Often the last full 
repeat is followed by an incomplete repeat. For example, in Ad5 the last 
full repeat is the 21st repeat of the fiber shaft and this is followed by an 
incomplete repeat sequence (the 22nd repeat) before the junction with 

15 the fiber knob. A conserved stretch of amino acids that includes the 
sequence TLWT (SEQ ID No. 64 as exemplified) marks the boundary 
between the repeating units of ^-structure in the shaft and the globular 
head domain, referred to as the knob. The C-terminal knob ranges in size 
from 157 amino acid residues for the short fiber of Ad41 to 193 residues 

20 for Ad1 1 and Ad34. The fiber spike is a homotrimer; the C-terminus is 
responsible for trimerization of the fiber homotrimer. There are typically 
12 spikes per virion that are attached via association with the penton 
base complex. 

The adenovirus fiber is a major determinant of adenovirus tropism. 

25 Fiber interacts with receptors on the cell surface to mediate viral binding 
to the cell surface. The primary receptor for most human adenoviruses is 
the coxsackie-adenovirus receptor (CAR), a 46 kDa protein that is a 
member of the immunoglobulin superfamily (Bergelson et al., (1 997) 
Science 275: 1320-1323). The receptor is distributed on many cell types 

30. in vivo and is recognized by most Ad serotypes with the exception of 
subgroup B (Bergelson eta/., (1997) Science 275: 1320-1323; Roelvink 
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efa/., (1998) J. Virol. 72: 589-596). The recognition between fiber and 
CAR occurs as an interaction of the fiber knob and CAR. Mutations in the 
fiber knob, such as in the loops joining the 5-strands A and B or C and D 
(the AB- and CD- loops respectively) can substantially reduce and/or 
5 eliminate CAR binding (Roelvink et a/., (1 999) Science 255:1 568-1 571; 
Bewley et at., (1999) Science 255:1579-1583; Huang eta/.. (1999) J. 
Virol. 75:2798-2802) . Adenoviruses having fiber knobs that interact with 
CAR include (a) adenoviruses of subgroup A, e.g., Ad12 (b) adenoviruses 
of subgroup C, e.g., Ad2 and Ad5 (c) adenoviruses of subgroup D 

10 including Ads 8, 9, 10, 13, 15, 17, 19 (including Ad 19a and Ad19p), 20, 
22-30, 32, 33, 36-39, and 42-49 and (d) adenoviruses of subgroup F, 
e.g., Ad40 and Ad41 , specifically the short fiber of subgroup F. 

Although the knob of fiber from most serotypes can recognize 
CAR, not all of these serotypes use CAR as their primary cellular receptor. 

15 Arnberg et a/. ((2000) J. Virol. 74: 42-48) reported that Ad37, a serotype 
of subgroup D, uses a glycoprotein that contains sialic acid as its primary 
receptor on lung epithelial cells. Wu et al. ((2001) Virology 279: 78-89) 
demonstrated that Ad37 binds to an alternate receptor that is present on 
conjunctival cells, a cell type for which Ad37 and related subgroup D 

20 viruses Ad 19a and Ad8 share an unusual tropism, and other cells. The 
knob of Ad37 fiber plays a role in this interaction, which can be disrupted 
by mutations in the CD loop of the Ad37 knob. 
2. The fiber shaft 

The fiber shaft also plays a role in cellular interactions. One 
25 example is the interaction of Adenovirus with hepatocytes where an entry 
pathway in vivo involves a mechanism mediated by the fiber shaft, such 
as Ad5 shaft, through heparin sulfate proteoglycans (HSP) binding. 
Elimination of this binding eliminates entry via HSP binding in 
hepatocytes. Such adenoviral fiber shaft modifications that ablate viral 
30 interaction with HSP are those such as described in U.S. Application 
Serial No.60/459,000 and incorporated herein by reference. 
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The ability of Adenovirus to interact with particular cell types also 
is influenced by modifications in the fiber shaft apart from those 
eliminating HSP binding. Adenovirus fiber shaft modifications that modify, 
reduce and/or eliminate cell binding are provided herein. Adenoviral fiber 
5 shaft modifications are provided that ablate or reduce interaction with 
CAR. Elimination of CAR binding eliminates cell binding and infection of 
CAR-dependent cell types such as lung epithelial cells. Ad fiber shaft 
modifications are provided that reduce or substantially eliminate CAR 
binding and ablate interaction with particular cell types, e.g. epithelial 
10 cells. Suitable modifications, such as those described herein, can be 

made with respect to any adenovirus in which the wildtype virus interacts 
with CAR. 

The interaction of fiber or virus with CAR as well as cell binding 
and infectivity can be measured by any method known to those of skill in 

15 the art. One such assay is the measurement of cell infection using 
adenovirus particles or pseudotyped adenovirus particles expressing a 
marker protein such as GFP. Briefly, 50,000 adherent cells, such as A549 
cells, are incubated with 20,000 virus particles for 3 hours at 37°C. 
After washing, the cells are analyzed by microscopy or fluorescence- • 

20 assisted cell sorting (FACS) to distinguish infected cells which express 
GFP. 

Another such assay for virus-cell interactions is a virus attachment 
assay. Briefly, cultured cells such as A549 cells, are detached and 
resuspended in phosphate-buffered saline (PBS) to a density of 1 x 10 6 

25 cells per tube. 1 X 10 9 virus particles are added to the cells and the tubes 
are incubated with rocking at 4°C to prevent virus internalization. To 
determine non-specific virus binding, samples are incubated with an 
excess of Ad 5 knob protein. Cells are washed with PBS several times 
and then DNA is extracted by standard molecular biology methods known 

30 in the art. The presence of virus DNA is determined by methods such as 
PCR, Taqman, Southern blotting or any other methods known in the art. 
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Interaction of fiber or virus with CAR can be determined in cell 
based assays such as those described in Arnberg et al. (2000) J. Virology 
74:42-48. Briefly, 3 H-labeled virus particles are incubated with cells 
expressing CAR such as CHO-CAR cells, and with equivalent non- 
5 expressing CAR cells, such as CHO alpha2 (which express human a-2 
integrin). A virus attachment assay is performed as described above or as 
in Arnberg et al. (2000) J. Virology 74:42-48. Scintillation counting is 
used to determine the amount of virus attached to the cells in the CAR 
expressing and non-CAR expressing samples. Virus particles that interact 

10 with CAR have increased attachment to cells expressing CAR as 
compared to the non-CAR expressing cells. 

The interaction of fiber with CAR is determined by the fiber 
structure and influenced by the ability of fiber and the adenovirus particle 
orientation to the cell surface. Fiber length and flexibility are important 

1 5 determinate factors in cell interactions and infectivity. As described 
herein, particular modifications of the fiber shaft reduce cell interactions 
and infectivity by altering the structure or orientation of the fiber shaft or 
portions of the fiber shaft. These modifications alter interaction with 
CAR. 

20 Fiber structure and orientation can be assessed by methods known 

in the art such as crystal structure analysis and cryo-electron microscopy 
(cryo-EM) studies (Xia ef a/.,(1994) Structure 2:1259-1270; van Raaij et 
/., (2000) Structure 5:1147-1155; Stewart et al., (1997) EMBO J. 
16A 189-1 198). For example, as described herein, cryo-EM studies can 

25 be used to demonstrate the flexibility or rigidity of the fiber. Molecular 
and structural modeling software can then be used to construct images of 
adenoviral interactions at the cell surface, including particle orientations 
and receptor interactions. As described herein, modification of fiber shaft 
structure or orientation and the ability of adenovirus to interact with CAR 

30 is modified by replacing, mutating or deleting regions of the Ad fiber 
shaft. 
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3. Modifications of the fiber shaft 

Provided herein are modified adenovirus fibers from serotypes that 
bind to CAR in vivo. The modified fibers include those that have 
modifications in the shaft. In particular, modifications of the ^-repeats. 
5 The Ad fiber shaft is made up of repeated units, referred to 

alternatively as repeats, ^-repeats, pseudo-repeats or repeating motifs 
(each term is interchangeable). These repeats are approximately 13-20 
(depending upon the alignment), generally about 15, amino acids in length 
each and occur in succession within the fiber shaft sequence. The 

10. repeats contribute the ^-structure to the fiber shaft, with each repeat 
containing two ^-strands separated by a 0-turn. Fiber shafts from 
different adenoviruses have different numbers of repeat sequences. For 
example, Ad2 and Ad5 each have twenty-one complete repeats in the 
fiber shaft; whereas the fiber shaft of Ad37 has eight repeats. Generally 

1 5 adenoviruses with longer fibers interact with CAR; those with shorter 
fibers do not. It, however, is shown herein, that it is not only the length 
of the fiber that mediates interaction with CAR, but also the flexibility of 
the fiber, particular that which is mediated by the shaft. As shown 
herein, modification of the shaft repeats in CAR-binding fibers reduces the 

20 interaction in vivo. 

It is shown herein that modifications of either of the ^-strands or 
the 0-turn of one or more repeats alters the structure of the fiber and sub- 
stantially reduces or eliminates cell infectivity and interaction with CAR. 
Hence provided are modified fibers, particularly fibers with modified 

25 shafts, that have altered, interaction with CAR. The interaction can be 
modulated by altering these repeats, particularly, one or both of the 
repeats that correspond to the third 0-repeat and/or the last full repeat of 
Ad2 or Ad5. For example, it is shown herein, that modification of one or 
both of the repeats that correspond to the third ^-repeat and/or the last 

30 full repeat of Ad2 or Ad5, reduces binding to CAR. Modifications of 
fibers from other serotypes and types of adenoviruses can be similarly 
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effected in order to modulate CAR interaction in vivo. This can be 
effected by eliminating repeats, inserting repeats, and modifying repeats. 
Particularly, modification of repeats corresponding to the third and last full 
repeat of Ad2 or Ad5 can modulate the CAR interaction in vivo. In 
5 addition or alternatively, the interaction can be modulated by deleting 
repeats in fibers that bind to CAR, and inserting them in fibers that do not 
bind to CAR. 

For purposes herein, corresponding positions of repeats within 
different proteins can be determined by comparing and aligning fiber shaft 

10 sequences to maximize the number of amino acid residues and thus the 
number of aligned similar residues. Since the repeats are relatively short, 
this can be done manually. In aligning proteins such as the repeats of 
different fiber shafts, the entire fiber shaft or only a portion (also referred 
to as "region" herein) thereof can be used in the alignment. It is not 

1 5 necessary to use the entire fiber protein sequence nor the entire fiber 
shaft to sequence in the alignment. For example, Figures 1 A and 1 B 
show alignments of the third repeat sequences and the last full repeat 
sequences, respectively, for different adenovirus fiber proteins. 
Additionally, in aligning fiber proteins, not only are identical residues 

20 aligned but also conservative substitutions of amino acids. In a peptide or 
protein, suitable conservative substitutions of amino acids are known to 
those of skill in this art. Exemplary conservative substitutions are set 
forth in TABLE 1 above. 

The alignment of identical and conserved amino acids in the fiber 
25 shaft regions is determined by standard alignment algorithms programs, 
used with default gap penalties established by each supplier. Manual 
alignment also can be used to maximize the number of aligned 
conservative and identical amino acids between proteins. Whether any 
two of. more fiber shaft sequences or regions of fiber shafts, such as the 
30 repeats, align can be determined using known computer algorithms such 
as the "FAST A" program, using for example, the default parameters as in 
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Pearson ef a/. (1988) Proc. A/af/. /teat/. Sc/. MS4 S5:2444 (other 
programs include the GCG program package (Devereux, J., e/ a /., M, c /e/c 
Acids Research 720:387 (1984)), BLASTP, BLASTN, FASTA (Atschul, 
S.F.. etal.,JMolec Biol 2/5:403 (1990); Guide to Huge Computers, 
5 Martin J. Bishop, ed.. Academic Press, San Diego, 1 994, and Carillo et al. 
( 1 988) SIAM J Applied Math 48: 1 073) . For example, the BLAST function 
of the National Center for Biotechnology Information database can be 
used to determine identify. Other commercially or publicly available 
programs include, DNAStar "MegAlign" program (Madison, Wl) and the 

1 0 University of Wisconsin Genetics Computer Group (UWG) "Gap" program 
(Madison Wl)). Percent homology or identity of proteins and/or nucleic 
acid molecules can be determined, for example, by comparing sequence 
information using a GAP computer program {e.g., Needleman et al. 
(1970) J. Mo/. Biol. 48:443, as revised by Smith and Waterman ((1981) 

1 5 Adv. Appl. Math. 2:482). Briefly, the GAP program defines similarity as 
the number of aligned symbols (i.e., nucleotides or amino acids), which 
are similar, divided by the total number of symbols in the shorter of the 
two sequences. Default parameters for the GAP program can include: (1) 
a unary comparison matrix (containing a value of 1 for identities and 0 for 

20 non-identities) and the weighted comparison matrix of Gribskov et al. 

(1986) Nucl. Acids Res. 14:6745, as described by Schwartz and Dayhoff, 
eds., ATLAS OF PROTEIN SEQUENCE AND STRUCTURE, National 
Biomedical Research Foundation, pp. 353-358 (1979); (2) a penalty of 
3.0 for each gap and an additional 0.10 penalty for each symbol in each 

25 gap; and (3) no penalty for end gaps. As noted, in view of the relatively 
short regions in the fiber that are aligned, manual alignment can be 
adequate. 

Similarly, using the techniques described herein and known in the 
art, comparison between regions within the same protein allows the 
30 identification of repeating motifs. For example, the alignment of regions 
within the Ad5 fiber shaft identifies 21 repeats each resembling a 
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consensus sequence (SEQ ID No. 45), abCdEfGhijKIMno, where 
capitalized letters represent hydrophobic amino acids and the underlined 
residue (j) denotes the special proline or glycine that allows the ft strands 
to form a /9-turn. 

The determination of corresponding repeats between adenovirus 
fiber proteins or within an adenovirus protein permits the modification of 
such repeats in any fiber, portion thereof or chimeric fiber protein. In 
another embodiment, repeats within fiber shaft regions and between fiber 
shaft regions are identified and one or more of these repeats is modified 
by mutating, deleting or replacing the repeat sequence. For example, at 
least one amino acid of one of the repeats within the shaft sequence is 
modified such that CAR interaction is substantially reduced or eliminated. 

Modifications can be made by any methods known in the art. For 
example, PCR can be used to introduce specific mutations in the nucleic 
acid encoding a fiber protein. Alternatively, mutagenesis using chemical 
mutagens, ultraviolet wavelengths, mutagenic bacterial strains and 
mutagenic PCR protocols can be used to introduce one or more mutations 
in the nucleic acid encoding a fiber protein or a portion thereof. 
Mutations in the nucleic acid encoding a fiber protein introduce insertion 
of one or more amino acids, deletion of one or more amino acids or a 
change in the amino acid sequence in one or more of the repeats within 
the fiber shaft or any combination thereof. 

Using assays such as the virus attachment, cell infectivity and CAR 
binding assays described herein and other such assays known in the art, 
the effect of the modifications on CAR binding and cell infectivity is 
assessed. Modification of the fibers as described herein is designed to 
result in a modification of the binding to CAR in vivo, in vitro assays, 
however, can be used to assess binding to CAR when modifications are 
made to the Repeats, particularly repeats corresponding to the third and 
last full repeats of Ad2 or Ad5. 
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Generally the desired modifications are those of CAR-binding fibers 
to eliminate or reduce (by at least 2-fold, generally 10-fold, 100-fold or 
more) CAR binding. As shown herein this is achieved by modifying the fi- 
repeats (replacing selected repeats with corresponding repeats from non- 
CAR binding fibers, altering one or more amino acids in a repeat, 
particularly the repeat corresponding to the third and last full repeat of 
Ad2 or Ad5) and/or eliminating repeats, such one up to all of the fourteen 
central repeats in such CAR-binding fibers. It is also understood that 
fibers that generally do not bind to CAR, such as Ad37 can be modified 
to bind to CAR by adding repeats and/or replacing repeats, particularly a 
repeat corresponding to the third or last full repeat, with those from a 
CAR-binding fiber. 

Among the modified fibers provided herein are those in which he 
tertiary structure of modified fiber is altered compared to the structure of 
the unmodified fiber such that the modified is more rigid than the 
unmodified fiber. Included are modified fibers that are shortened or 
exhibit reduced flexibility compared to the unmodified fiber. The fiber 
shaft is modified such that one or more of the repeats are modified. As 
described herein, the Ad5 fiber sequence (SEQ ID No. 35) is used as a 
reference sequence. Thus, for example, "modifications of the third 
repeat" means modification of the third repeat of Ad5 or modification to a 
repeat corresponding to the third repeat of Ad5. The "corresponding 
repeat" may not be the third in a sequence of repeats in another fiber, 
portion thereof or chimera. For example, the sequence of amino acids 
corresponding to the third repeat within the fiber shaft sequence is 
modified. For example, the fiber shaft of a subgroup C fiber, e.g. Ad2 or 
Ad5, is modified to mutate, replace, insert or delete at least one of the 
amino acids within the sequence of the third repeat in Ad2 and Ad5 (SEQ 
ID Nos. 42 and 43) and thus substantially reduce or eliminate CAR 
binding. For example, the TTVT/S sequence (SEQ ID No. 44) within the 
3rd repeat is deleted, replaced, or one or more amino acids inserted by 
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standard molecular biology and biochemistry methods known to those 
skilled in the art. Modifications in the third repeat disrupt the structure of 
the fiber shaft, for example as described herein, modifications increase 
the rigidity and decrease the flexibility of the fiber shaft. 

As another example, the sequence of amino acids corresponding to 
the last full repeat in the fiber shaft is modified. For example, the 
KLGXGLXFD/N motif (SEQ ID No. 49), found in last full repeat of the fiber 
shaft of most serotypes is modified by mutating, replacing, inserting or 
deleting at least one amino acids within the motif or inserting at least one 
additional amino acid into the motif and thus CAR binding is substantially 
reduced or eliminated. For example, the fiber shaft of a subgroup C fiber, 
e.g. Ad2 or Ad5, is modified to mutate, replace or delete the amino acid 
sequence of the last repeat, the 21st repeat of Ad2 or Ad5 (SEQ ID Nos. 
46 and 47), for example, the KLGXGLXFD/N motif (SEQ ID No. 49), is 
deleted or mutated by standard molecular biology and biochemistry 
methods known to those skilled in the art. 

Modification of the last repeat in the fiber shaft alters the structure 
of the fiber shaft. A hinge structure exists at the interface of the knob 
and shaft in the Ad2 fiber (van Raaij et al. ,. (2000) Nature 407:935-938). 
For example, modification to the last repeat alters the structure of the 
fiber shaft can alter the hinge structure between the fiber shaft and knob. 

As noted, modified fibers provided herein include those in which at 
least one of the repeat regions of the fiber shaft is replaced with the 
repeat sequence from an Ad fiber that does not bind CAR or does not use 
CAR as its primary receptor. Such regions can be derived from Ad 
serotypes of subgroup D such as Ads 8, 9, 10, 13, 15, 17, 19 (including 
Ad19a and Ad19p), 20, 22-30, 32, 33, 36-39. and 42-49. For example, 
the fiber shaft of a CAR-binding fiber such as that of subgroup C, e.g. 
Ad2 or Ad5, is modified to replace one of the repeats with a 
corresponding repeat sequence of subgroup D, such as Ad37, Ad8, Ad9 



or A19. 
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In other exemplary embodiments, amino acids of the region 
corresponding to the third repeat within the fiber shaft sequence of a fiber 
that binds CAR is replaced with the third repeat from a fiber shaft from an 
Ad that does not bind CAR or does not use CAR as its primary receptor. 
5 For example, the fiber shaft of a subgroup C fiber, e.g. Ad2 or Ad5, is 
modified to replace the amino acid the third repeat in Ad2 or Ad5 (SEQ ID 
Nos. 42 and 43) with the third repeat (or repeat that corresponds to the 
third repeat) from serotype D virus fiber shaft. Such substitution reduces 
or eliminate CAR binding. For example, the third repeat of Ad5 fiber shaft 

1 0 (SEQ ID No. 43) is replaced with the third repeat of the Ad37 fiber shaft 
(SEQ ID No. 58) by standard molecular biology and biochemistry 
methods known to those skilled in the art. 

In another aspect of this embodiment, the repeat corresponding to 
the third repeat within the fiber shaft sequence of a fiber that binds CAR 

1 5 is modified by replacing one or more amino acids of the third repeat with 
the corresponding amino acid from a fiber that does not bind CAR (or use 
it as its primary receptor in vivo). The third repeat of a fiber shaft from a 
CAR binding fiber such as a subgroup C fiber, e.g. Ad2 or Ad5, is 
modified to replace one or more amino acids, up to all of the amino acids 

20 in the third repeat of Ad2 or Ad5 (SEQ ID Nos. 42 and 43) with the 
corresponding amino acids from the third repeat of a fiber shaft such as 
from Ad 37, Ad8, Ad9, or Ad 15 (SEQ ID Nos. 58, and 66-68) by 
standard molecular biology and biochemistry methods known to those 
skilled in the art, and thus substantially reduce or eliminate binding to 

25 CAR. 

In another aspect of this embodiment, the region corresponding to 
the third repeat within the fiber shaft sequence of a fiber that binds CAR 
is modified by replacing one or more amino acids with a non-conservative 
amino acid substitution (conservative amino acid substitutions are those 
30 such as provided in Table 1, above) by standard molecular biology and 
biochemistry methods known to those skilled in the art, and thus 
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substantially reduce or eliminate binding to CAR. For example, one or 
more of the amino acids of TTVT/S motif (SEQ ID No. 44) is mutated to a 
nonconservative amino acid, such as proline and CAR binding is 
substantially reduced or eliminated. 
5 In another aspect of this embodiment, the region corresponding to 

the last full repeat in the fiber shaft is modified. For example, the 
KLGXGLXFD/N motif (SEQ ID No. 49), found in last full repeat of the fiber 
shaft of most serotypes, is modified by replacing this repeat with the last 
full repeat of a fiber shaft from a fiber that does not have this motif. The 
1 0 last full repeat of a fiber shaft from a CAR binding fiber such as a 

subgroup C fiber, e.g. Ad2 or Ad5, is modified to replace the 21st repeat 
of Ad2 or Ad5 (SEQ ID Nos. 46 and 47) with the corresponding last full 
repeat of a fiber shaft that does not contain this motif, such as from Ad 
37, Ad8, Ad9, or Ad15 (SEQ ID Nos. 48, and 59-61) by standard 
1 5 molecular biology and biochemistry methods known to those skilled in the 
art, and thus substantially reduce or eliminate binding to CAR. 

In another aspect of this embodiment, the region corresponding to 
the KLGXGLXFD/N motif (SEQ ID No. 49), found in last full repeat of the 
fiber shaft of most serotypes, is modified by replacing one or more amino 
20 acids with the corresponding amino acid from a fiber that does not have 
this motif. The last full repeat of a fiber shaft from a CAR binding fiber 
such as a subgroup C fiber, e.g. Ad2 or Ad5, is modified to replace one 
or more amino acids, up to all of the amino acids the KLGXGLXFD/N 
motif (SEQ ID No. 49) in the 21st repeat of Ad2 or Ad5 (SEQ ID Nos. 46 
25 and 47) with the corresponding amino acids from the last full repeat of a 
fiber shaft that does not contain this motif, such as from Ad 37, Ad8 
Ad9, or Ad15 (SEQ ID Nos. 48. and 59-61) by standard molecular biology 
and biochemistry methods known to those skilled in the art, and thus 
substantially reduce or eliminate binding to CAR. 
30 m another aspect of this embodiment, the region corresponding to 

the KLGXGLXFD/N motif (SEQ ID No. 49), found in last full repeat of the 
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fiber shaft of most serotypes, is modified by replacing one or more amino 
acids with a non-conservative amino acid substitution (conservative 
amino acid substitutions are those such as provided in Table 1, above) by 
standard molecular biology and biochemistry methods known to those 
skilled in the art, and thus substantially reduce or eliminate binding to 
CAR. 

In another embodiment, modifications in more than one repeat of 
the fiber shaft are provided. For example, modifications in both repeats 
corresponding to the 3rd repeat of the shaft and the last full repeat of the 
shaft are provided. For example, the 3rd repeat is modified by mutating, 
replacing, inserting or deleting at least one amino acid of the repeat and 
the last full repeat also is modified by replacement, mutation, insertion or 
deletion of at least one amino acid within the repeat, such that the fiber 
structure is altered and the fiber interaction with CAR is substantially 
reduced or eliminated. In another aspect of this embodiment, the third 
repeat (or repeat corresponding to the third repeat) and last full repeat of 
a fiber shaft from a CAR-interacting fiber are replaced with the 
corresponding repeats of a fiber shaft from a fiber that does not interact 
with CAR. For example, the fiber shaft of a subgroup C fiber, e.g. Ad2 or 
Ad5, is modified to replace the amino acid sequence of the third repeat in 
Ad2 and Ad5 (SEQ ID Nos. 42 and 43) with the corresponding repeat 
sequence of a subgroup D virus fiber shaft and the last full repeat of the 
fiber shaft also is modified to replace the 21st repeat of Ad2 or Ad5 (SEQ 
ID Nos. 46 and 47) with the last full repeat of a fiber shaft that does not 
contain this motif, such as from Ad37, Ad8, Ad9. or Ad15 (SEQ ID Nos. 
48, and 59-61). This alters the structure of the fiber and reduces or 
eliminate CAR binding. An exemplary chimeric fiber is the Ad5s/Ad37s 
fiber (SEQ ID No. 55) depicted schematically in Figure 2, where the 3rd 
and 21 st repeats of Ad5 fiber are replaced with the corresponding repeats 
of Ad37. 
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In another embodiment, one or more repeats is modified such that 
one or more of the amino acids corresponding to the consensus sequence 
(SEQ ID No. 45), abCdEfGhiiKIMno, is modified such that the fiber 
structure is altered. For example, one or more of the conserved 
hydrophobic residues is deleted or replaced with a non-hydrophobic amino 
acid such as known in the art such that the fiber structure is altered and 
CAR binding is reduced or eliminated. Fiber structure can be assessed by 
any of the methods described herein or known in the art. In another 
example, the conserved proline or glycine denoted by j in SEQ ID NO. 45 
is deleted or replaced with a non-conservative amino acid change such 
that the /?-turn formed by this amino acid is disrupted and the resulting 
modified fiber interaction with CAR is substantially reduced or eliminated. 

In another embodiment, one or more repeats or a portion of one or 
more repeats is deleted, thus altering the fiber structure and its interaction 
with CAR. For example, repeats are deleted from the Ad5 fiber shaft 
resulting in reduced cell infectivity. One example of such a fiber is 
Ad5As, which has a deletion of the 14 central repeats (SEQ ID No. 51). 
Combinations of a plurality of modification 
The modifications provided herein can be combined with other fiber 
modifications, and in the viral particle other capsid modifications, to 
further detarget and/or retarget the resulting particle that expresses the 
capsid proteins. For example, additional modifications that reduce binding 
to CAR can be combined with those provided herein to further reduce or 
eliminate CAR binding. Other modifications that reduce binding to other 
receptors and proteins also can be introduced. For example, fiber shaft 
modifications that reduce CAR interaction as described herein can be 
combined modifications that reduce HSP interaction. Suitable adenovirus 
fiber shaft modifications include modification of the HSP binding motif of 
the fiber protein such that it no longer interacts with HSP on the cell 
surfaces, particularly hepatocytes, such as those described in U.S. patent 
application No. 10/35 1,890. For example, where the adenoviral fiber is 
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from a subgroup C adenovirus, binding to HSP can be eliminated or 
reduced by mutating the fiber shaft in order to modify the HSP binding 
motif, which is, for example, the KKTK sequence (SEQ ID No. 65) located 
between amino acid residues 91 to 94 in the Ad 5 fiber (SEQ ID No. 35). 
5 The ability of a fiber to interact with HSP is modified by replacing the 
wild-type fiber shaft with a fiber shaft, or portion thereof, of an 
adenovirus that does not interact with HSP to produce chimeric fiber 
proteins. The portion is sufficient to reduce or eliminate interaction with 
HSP. Examples of adenoviruses having fiber shafts that do not interact 

10 with HSP include (a) adenoviruses of subgroup B, such as, but are not 
limited to, Ad3, Ad35, Ad7, Ad11, Ad 16. Ad21, Ad34 (b) adenoviruses 
of subgroup F, such as, but are not limited to. Ad40 and Ad41, 
specifically the short fiber, and (c) adenoviruses of subgroup D, such as 
but are not limited to, Ad40 and Ad41 . 

15 In another embodiment, fiber shaft modifications that reduce CAR 

interaction as described are combined with adenoviral fiber modifications 
made by replacing the wild-type fiber knob with a fiber knob of an 
adenovirus that does not interact with CAR. Examples of adenoviruses 
having fiber knobs that do not interact with CAR include (a) adenoviruses 

20 of subgroup B, e.g., Ad3, Ad35, Ad7, Ad11, Ad 16, Ad21, Ad34, (b) 
adenoviruses of subgroup F, e.g., Ad40 and Ad41. specifically the short 
fiber. Additional mutations and fibers that have altered CAR interaction 
are described in U.S. Application Serial No. 10/351,890, for example, the 
K01 and KOI 2 mutants. 

25 Capsids in viral particles that express fibers with modifications that 

reduce viral interaction with CAR as described herein can be combined 
with penton modifications that reduce viral interactions with ct v integrins. 
Suitable adenoviral penton modifications include the penton modifications, 
which are known to those of skill in the art {see, e.g., U.S. Patent No. 

30 5,731,190; see, also Einfeld et al. (2001) J. Virology 75:1 1284-1 1291; 
and Bai eta/. (1993) J. Virology 67:5198-5205). For example, penton 
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interaction with a v integrins can be reduced or even eliminated by 
substitution of the RGD tripeptide motif, required for a v interaction, in 
penton with a different tripeptide that does not interact with an a v 
integrin. The penton proteins with reduced a v integrin interactions are 
5 modified by chemical and biological techniques known to those skilled in 
the art (see, e.g.. described U.S. Patent No. 6,731,190). Generally, the 
adenovirus is a subgroup B or C adenovirus. 

Also provided are other fiber modifications that alter the tropism of 
the adenovirus. Adenovirus fiber modifications are made that detarget 
10 the virus particles in combination with modifications that retarget the 
'particles to specific cell types. For example, a chimeric fiber is provided 
that joins a portion of a fiber that recognizes cell surface receptors on 
Photoreceptor cell types, such as the fiber knob or portion thereof from 
Ad37 (see U.S. Application Serial No. 09/562,934), with the remaining 
1 5 portion the fiber provided from a fiber that does not efficiently interact 

with these cell types. Recombinant viral particles for targeting therapeutic , 
products to these cells can be constructed with these chimeric fibers to 
treat such degenerative ocular diseases, such as. but not limited to, 
retinitis pigmentosa, Stargardt's disease, diabetic retinopathies, retinal 
20 vascularization, and others have a genetic bases. Genes expressed in the 
photoreceptor cells at the back of the retina are implicated in these 
diseases. In one aspect of this embodiment, the fiber shaft of the 
chimeric fiber is further modified such that it no longer binds CAR 
efficiently, for example by mutating, deleting or replacing one of the 
25 repeats within the fiber shaft. 

Chimeric fibers are provided that target dendritic cells (DCs). The 
role of DCs in enhancing antigen-specific immune responses is known. 
DCs can be exploited to aid in vaccination against autoimmunity, allergy . 
and transplantation rejection, all of which result from an uncontrolled or 
30 unchecked immune response (Hawiger et el. (2001) J. Exp. Med. 
734:769-779; Steinman et at. (2003) Annuel Rev. Immunol. 27:685- 
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71 1). Vaccine strategies involving DCs can be important for the treatment 
of a variety of clinically important autoimmune and related diseases, 
including systemic lupus erythematosus, myasthenia gravis, rheumatoid 
arthritis, insulin-dependent diabetes mellitus and Graves' disease. 
Recombinant adenoviruses with fiber proteins from the Subgroup B 
viruses Ad16 and Ad35 have been found to have an increased ability to 
infect human DC (Havenga et al. (2002) J. Virol. 76:4612-4620; Rea et 
al. (2001) J. Immunol. 756:5236-5244). Recombinant adenovirus 
particles are constructed with fiber or a portion thereof from an 
adenovirus that targets dendritic cells (see U.S. provisional application 
Serial No. 60/467,500) and the fiber is further modified such that it no 
longer binds CAR efficiently, for example by mutating, deleting or 
replacing one of the repeats within the fiber shaft. In these adenoviral 
particles, the adenoviral (Ad) particle, except for the fiber, is from a 
subgroup C adenovirus; and the fiber includes a sufficient portion of an 
adenovirus Subgroup D, such as Ad19p, to target receptors on dendritic 
cells. The adenoviral particles with the modified fibers also are 
constructed to express therapeutic products to be expressed in dendritic 
cells such as tumor antigens. The adenoviral particles can include 
heterologous nucleic acid encoding a product for expression in a dendritic 
cell for presentation or to alter the activity of the dendritic cell. 
Exemplary heterologous products include, but are not limited to, tumor 
antigens (see Table in Section F below) and other immune modulating 
proteins. 

C. Nucleic acids. Adenoviral vectors and cells containing the nucleic 
acids and cells containing the vectors 

1 . Adenoviral vectors and particles 

The adenovirus vector genome that is encapsulated in the virus 
particle and that expresses exogenous genes is a component of the 
system. Components of a recombinant adenovirus vector genome include 
the ability to express selected adenovirus structural genes, to express a 
desired exogenous protein, and to contain sufficient replication and 
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packaging signals that the genome is packaged into a gene delivery 
vector particle. An exemplary replication signal is an adenovirus inverted 
term.nal repeat containing an adenovirus origin of replication, as is well 
known and described herein. 
5 Although adenoviruses encode many proteins, not all adenovirus 

proteins are required for assembly of a recombinant adenovirus particle 
Deletion of the appropriate genes from a recombinant Ad vector permits 
accommodation of even larger "foreign" DNA segments. 

Adenovirus particles for delivery of heterologous nucleic acids to 
10 cells in vitro and in vivo, including those for human therapy, are known. 
Such known viruses can be modified as provided herein to reduce or 
eliminate interaction with CAR and optionally to target selected receptors 
to retarget to cells expressing such receptors. The adenoviral vectors 
that are used to produce the viral particles can include other 
15 modifications. Modifications include modifications to the adenovirus 
genome that is packaged in the particle in order to make an adenoviral 
vector. As discussed above, adenovirus vectors and particles with a 
variety of modifications are available. Modifications to adenoviral vectors 
include deletions known in the art, such as deletions in one or more of the 
20 El., E2a, E2b, E3, or E4 coding regions. These adenoviruses are 

sometimes referred to as early generation adenoviruses and include those 
with deletions of all of the coding regions of the adenoviral genome 
("gutless" adenoviruses, discussed below) and also include replication- 
conditional adenoviruses, which are viruses that replicate in certain types 
25 of cells or tissues but not in other types as a result of placing adenoviral 
genes essential for replication under control of a heterologous promoter 
(see, also U.S. Patent No. 5,998,205, U.S. Patent No. 5,801,029- US 
patent application 60/348,670 and corresponding published International 
PCT application No. WO02/06786). These include the cytolytic, 
30 cytopathic viruses (or vectors), including the oncolytic viruses. 
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Alternatively, the vector can include a mutation or deletion in the 
Elb gene. Typically such mutation or deletion in the E1b gene is such 
that the E1b-19kD protein becomes non-functional. This modification of 
the E1 b region can be combined with vectors where all or a part of the E3 
region is present. 

The oncolytic adenoviral vector can further include at least one 
heterologous coding sequence, such as one that encodes a therapeutic 
product. The heterologous coding sequence, such as therapeutic gene, is 
generally, although not necessarily, in the form of cDNA. and can be 
inserted at any locus that does not adversely affect the infectivity or 
replication of the vector. For example,* can be inserted in an E3 region 
in place of at least one of the polynucleotide sequences that encode an 
E3 protein, such as, for example, the 1 9kD or 14.7 kD E3 gene, 
a. Gutless vectors i 
Gutless adenovirus vectors are those from which most or all viral 
genes have been deleted. They are grown by co-infection of cells with a 
"helper" virus (such as using an E1 -deleted Ad vector), where the 
packaging cells expresses the El gene products. The helper virus trans- 
complements the missing Ad functions, including production of the viral 
structural proteins needed for particle assembly. 

Adenovirus DNA also includes inverted terminal repeat sequences 
(ITRs) ranging in size from about 100 to 150 bp, depending on the 
serotype. The inverted repeats permit single strands of viral DNA to 
circularize by base-pairing of their terminal sequences to form base-paired 
"panhandle" structures that are required for replication of the viral DNA. 
For efficient packaging, the ITRs and the packaging signal (a few hundred 
bp in length) contains the "minimum requirement" for replication and 
packaging of a genomic nucleic acid into an adenovirus particle. Helper- 
dependent vectors lacking all or most viral ORFs but including these 
essential c/s elements (the ITRs and contiguous packaging sequence) 
have been constructed. 
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To incorporate the capsid modifications into a gutted adenoviral 
vector capsid, the changes must be made to the helper virus as described 
herein. All the necessary Ad proteins including the modified capsid 
protein are provided by the modified helper virus and/or the packaging 
5 cells, and the gutted adenovirus particles are equipped with the particular 
modified capsid as expressed in the host cells. The E1a, Eb, E2a, E2b and 
E4 are generally required for viral replication and packaging. If these 
genes are deleted, then the packaging cell or helper virus must provide 
these genes or functional equivalents. 
10 A helper adenovirus vector genome and a gutless adenoviral vector 

genome are delivered to packaging cells. The cells are maintained under 
standard cell maintenance or growth conditions, whereby the helper 
vector genome and the packaging cell together provide the 
complementing proteins for the packaging of the adenoviral vector 
particle. Such gutless adenoviral vector particles are recovered by 
standard techniques. The helper vector genome can be delivered in the 
form of a plasmid or similar construct by standard transfection 
techniques, or it can be delivered through infection by a viral particle 
containing the genome. Such viral particle is commonly called a helper 
20 virus. Similarly, the gutless adenoviral vector genome can be delivered to 
the cell by transfection or viral infection. 

The helper virus genome can be the modified adenovirus vector 
genome as disclosed herein. Such genome also can be prepared or 
designed so that it lacks the genes encoding the adenovirus E1A and E1B 
25 proteins. In addition, the genome can further lack the adenovirus genes 
encoding the adenovirus E3 proteins. Alternatively, the genes encoding 
such proteins can be present but mutated so that they do not encode 
functional E1A, E1B and E3 proteins. Furthermore, such vector genome 
can not encode other functional early proteins, such as E2A, E2B3, and 
E4 proteins. Alternatively, the genes encoding such other early proteins 
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can be present but mutated so that they do not encode functional 
proteins. 

In producing the gutless vectors, the helper virus genome also is 
packaged, thereby producing helper virus. In order the minimize the 
5 amount of helper virus produced and maximize the amount of gutless 
vector particles produced, the packaging sequence in the helper virus 
genome can be deleted or otherwise modified so that packaging of the 
helper virus genome is prevented or limited. Since the gutless vector 
genome will have an unmodified packaging sequence, it will be 
10 preferentially packaged. 

One method is to mutate the packaging sequence by deleting one 
or more of the nucleotides comprising the sequence or otherwise 
mutating the sequence to inactivate or hamper the packaging function. 
One exemplary approach is to engineer the helper genome so that 

15 recombinase target sites flank the packaging sequence and to provide a 
recombinase in the packaging cell. The action of recombinase on such 
sites results in the removal of the packaging sequence from the helper 
virus genome. The recombinase can be provided by a nucleotide 
sequence in the packaging cell that encodes the recombinase. Such 

20 sequence can be stably integrated into the genome of the packaging cell. 
Various kinds of recombinase are known by those skilled in the art, and 
include, but are not limited to, Cre recombinase, which operates on 
so-called lox sites, which are engineered on either side of the packaging 
sequence as discussed above (see, e.g., U.S. Patent Nos. 5,919, 676, 

25 6,080,569 and 5,919,676; see, also, e.g., Morsy and Caskey, ' 
Molecular Medicine Today, Jan. 1999, pgs. 18-24). 

An example of a gutless vector is pAdARSVDys (Haecker et al. 
(1996) Hum Gene Ther. 7:1907-1914)). This plasmid contains a 
full-length human dystrophin cDNA driven by the RSV promoter and 

30 flanked by Ad inverted terminal repeats and packaging signals. 293 cells 
are infected with a first-generation Ad, which serves as a helper virus. 
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and then transfected with purified pAdARSVDys DNA. The helper Ad 
genome and the pAdARSVDys DNA are replicated as Ad chromosomes, 
and packaged into particles using the viral proteins produced by the 
helper virus. Particles are isolated and the pAdARSVDys-containing 
5 particles separated from the helper by virtue of their smaller genome size 
and therefore different density on CsCI gradients. Other examples of 
gutless adenoviral vectors are known (see, e.g., Sandig eta/. (2000) 
Proc. Natl. Acad. Sci. U.S.A. $7/3/: 1002-7). 
b. Oncolytic vectors 
1 0 Briefly, oncolytic adenoviruses, which are viruses that replicate 

selectively in tumor cells, are designed to amplify the input virus dose due 
to viral replication in the tumor, leading to spread of the virus throughout 
a tumor mass. In situ replication of adenoviruses leads to cell lysis. This in 
situ replication permits relatively low, non-toxic doses to be highly 
1 5 effective in the selective elimination of tumor cells. One approach to 
achieving selectivity is to introduce loss-of-function mutations in viral 
genes that are essential for growth in non-target cells but not in tumor 
cells. (See, e.g., U.S. Patent No. 5,801,029.) This strategy is exemplified 
by the use of AddH 520, which has a deletion in the E1 b-55KD gene In 
20 normal cells, the adenoviral E1 b-55KD protein is needed to bind to P 53 to 
prevent apoptosis. In p53-deficient tumor cells, E1b-55K binding to P 53 is 
unnecessary. Thus, deletion of E1 b-55KD should restrict vector 
replication to p53-deficient tumor cells. 

Another approach is the use of tumor-selective promoters to 
25 control the expression of early viral genes required for replication (see, 
e.g., International PCT application Nos. WO 96/17053 and WO 
99/25860). In this approach, adenoviruses selectively replicate and lyse 
tumor cells if the gene that is essential for replication is under the control 
of a promoter or other transcriptional regulatory element that is 
30 tumor-selective. 
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For example oncolytic adenoviral vectors that contain a cancer 
selective regulatory region operatively linked to an adenoviral gene 
essential for adenoviral replication are known (see, e.g.. U.S. Patent No. 
5.998,205). Adenoviral genes essential for replication include, but are 
5 not limited to, Ela, Elb, E2a, E2b and E4. Examples of cancer selective 
regulatory regions include the promoters and/or enhancers from 
carcinoembryonic antigen (CEA), DE3 breast cancer-specific sequences 
alphaferoprotein, Errb-B2 and tyrosinase. For example, an exemplary ' 
oncolytic adenoviral vector has a cancer selective regulatory region 
10 operatives linked to the Ela gene. In other embodiments, the oncolytic 
adenoviral vector has a cancer selective regulatory region such as one of 
those described above, operatively linked to the E1a gene and a second 
cancer selective regulatory region operatively linked to the E4 gene The 
vectors also can include at least one therapeutic transgene. such as, but 
1 5 not l.m,ted to, a polynucleotide encoding a cytokine such as GM-CSF that 
can stimulate a systemic immune response against tumor cells. 

Other exemplary oncolytic adenoviral vectors include those in 
which expression of an adenoviral gene, which is essential for replication 
.s controlled by E2F-res P onsive promoters, which are selectively 
20 transactivated in cancer cells. Thus, vectors that contains an adenoviral 
nucle.c acid backbone that contains in sequential order: A left ITR, an 
adenoviral packaging signal, a termination signal sequence, an E2F 
responsive promoter which is operably linked to a first gene, such as E1a 
essential for replication of the recombinant viral vector and a right ITR 
25 (see, published International PCT application No. WO02/06786, and U.S. 
Patent No. 5,998,205). 

c. Helper independent viruses 
Contemplated for use are helper-independent fiberless recombinant 
adenovirus vector genomes that include genes that (a) express all or most 
30 adenovirus structural gene products (b) contain an adenovirus packaging 
s.gnal and inverted terminal repeats containing adenovirus origin of 
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replication and (c) can express an exogenous protein, such as a marker 
protein or therapeutic protein as described herein. 

The adenovirus vector can be constructed to express fiber protein 
or a portion thereof or a chimeric fiber protein. For example, viral 
5 backbones with the modified fibers as described herein are substituted in 
place of the Ad5 fiber gene are constructed. One such system for 
expression is based on the pAdEasy plasmid (see U.S. Patent No. 
5,922,576, U.S. Application Serial No. 60/459,000, and also He et al., 
(1998) Proc. Natl. Acad Sci. 2509-2514). This system includes a large 

10 plasmid (pAdEasy) that contains most of the Ad5 genome and smaller 
shuttle plasmids with the left end of the viral genome, including an E1 
deletion and polylinker for insertion of transgenes. Recombination 
between pAdEasy and a shuttle plasmid in E. coli reconstitutes a full- 
length infectious Ad genome. Additional recombinations of constructed 

1 5 vectors with the shuttle plasmid pAdTrack, which contains a CMV-driven 
EGFP reporter gene (He eta/., Proc. Natl. Acad. Sci. USA 95:2509-2514 
(1998); U.S. Patent No. 5,922,576) results in Ad vectors with the EGFP 
; reporter at the site of the E1 deletion and as well as the modified fiber 
gene in the viral chromosome. The EGFP reporter can be used to monitor 

20 viral infectivity, biodistribution and tropism as described herein and by 
other methods known in the art. 

The adenovirus vector genome is propagated in the laboratory in 
the form of rDNA plasmids containing the genome, and upon introduction 
into an appropriate host, the viral genetic elements provide for viral 

25 genome replication and packaging rather than plasmid-based propagation. 
Exemplary methods for preparing an Ad-vector genome are described in 
the Examples. 

A vector herein includes a nucleic acid (typically DNA) molecule 
capable of autonomous replication in a cell and to which a DNA segment, 
30 e.g., a gene or polynucleotide, can be operatively linked to bring about 
replication of the attached segment. For purposes herein, one of the 
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nucleotide segments to be operatively linked to vector sequences can 
encode at least a portion of a therapeutic nucleic acid molecule. As noted 
herein, therapeutic nucleic acid molecules include those encoding proteins 
and also those that encode regulatory factors that can lead to expression 
5 or inhibition or alteration of expression of a gene product in a targeted 
cell. 

The Ad vector also can be constructed such that it does not 
express fiber or expresses insufficient adenovirus fiber protein to package 
a fiber-containing adenovirus particle without complementation of a fiber 

1 0 gene such as from a packaging cell line, for example the packaging cell 
lines as described below. 

2. Packaging and complementing cell lines 
The viral particles provided herein can be made by any method 
known to those of skill in the art. Generally they are prepared by 

1 5 growing the adenovirus vector that contains nucleic acid that encodes the 
modified fiber protein in a standard adenovirus packaging cells to produce 
particles that express the modified fibers. Alternatively, the vectors do 
not encode fibers. Such vectors are packaged in cells that express the 
modified fiber proteins to produce particles. 

20 As discussed, recombinant adenoviral vectors generally have at 

least a deletion in the first viral early gene region, referred to as E1, which 
includes the E1a and E1b regions. Deletion of the viral E1 region renders 
the recombinant adenovirus defective for replication and incapable of 
producing infectious viral particles in subsequently-infected target cells. 

25. Thus, to generate E1-defeted adenovirus genome replication and to 
produce virus particles requires a system of complementation that 
provides the missing E1 gene product. E1 complementation is typically 
provided by a cell line expressing E1, such as the human embryonic 
kidney packaging cell line, i.e. an epithelial cell line, called 293. Cell line 

30 293 contains the E1 region of adenovirus, which provides El gene region 
products to "support" the growth of E1 -deleted virus in the cell line (see, 
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e.g., Graham etal., J. Gen. Virol. 36: 59-71, 1977). Additionally, cell 
lines that can be usable for production of defective adenovirus having a 
portion of the adenovirus E4 region have been reported (WO 96/22378) 
Multiply deficient adenoviral vectors and complementing cell lines have 
5 also been described {see WO 95/34671 and also, U.S. Patent No 
5,994,106). 

For example, copending U.S. Application Serial No. 09/482,682 
(also International PCT application No. WO/0042208) provides packaging 
cell lines that support viral vectors with deletions of major portions of the 
10 viral genome, without the need for helper viruses and also provides cell 
lines and helper viruses for use with helper-dependent vectors. The 
packaging cell line has heterologous DNA stably integrated into the 
chromosomes of the cellular genome. The heterologous DNA sequence 
encodes one or more adenovirus regulatory and/or structural polypeptides 
1 5 that complement the genes deleted or mutated in the adenovirus vector 
genome to be replicated and packaged. 

Packaging cell lines express, for example, one or more adenovirus 
structural proteins, polypeptides, or fragments thereof, such as penton 
base, hexon, fiber, polypeptide Ilia, polypeptide V, polypeptide VI, 
20 polypeptide VII, polypeptide VIII, and biologically active fragments 
thereof. The expression can be constitutive or under the control of a 
regulable promoter. These cell lines are particularly designed for 
expression of recombinant adenoviruses intended for delivery of 
therapeutic products. For use herein, such packaging cell lines can 
25 express the modified capsid proteins, such as the fiber proteins who 

binding to CAR is reduced or eliminated, and/or the modified penton and 
hexon proteins. 

Particular packaging cell lines complement viral vectors having a 
deletion or mutation of a DNA sequence encoding an adenovirus 
30 structural protein, regulatory polypeptides E1A and E1B, and/or one or 
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more of the following regulatory proteins or polypeptides: E2A, E2B, E3, 
E4, L4, or fragments thereof. 

The packaging cell lines are produced by introducing each DNA 
molecule into the cells and then into the genome via a separate 
complementing plasmid or plurality of DNA molecules encoding the 
complementing proteins can be introduced via a single complementing 
plasmid. Of interest herein, is a variation in which the complementing 
plasmid includes DNA encoding adenovirus fiber protein, a chimeric fiber 
or modified variant thereof. 

For applications, such as therapeutic applications, the delivery 
plasmid further can include a nucleic acid encoding a heterologous 
polypeptide. Exemplary delivery plasmids include, but are not limited to, 
PDV44, pAE1B£-gal and P AE1sp1B (described herein and see also U.S. 
Application Serial No. 09/562,934). In a similar or analogous manner, 
therapeutic nucleic acids, such as nucleic acids that encode therapeutic 
products, can be introduced. 

The cell further includes a complementing plasmid encoding a fiber 
as contemplated herein; the plasmid or portion thereof is integrated into a 
chromosome(s) of the cellular genome of the cell. 

Typically, the packaging cell lines will contain nucleic acid encoding 
the fiber protein or modified protein stably integrated into a chromosome 
or chromosomes in the cellular genome. The packaging cell line can be 
derived from a procaryotic cell line or from a eukaryotic cell line. While 
mammalian cells, particularly epithelial cell lines, such as the 293, A549, 
and AE1-2a cell lines, are exemplified, a variety of other non-epithelial cell 
lines can be used in various embodiments. Any other cell lines suitable 
for such use are contemplated herein. 
D. Detargeting 

The fiber modifications provided herein permit detargeting of 
adenoviral particles by reducing or eliminating interaction of serotypes, 
such as the serotype C viruses with CAR. Hence particles that express 
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fibers with alterations in the shaft, particularly in the/?-repeat region as 
described herein, exhibit reduced CAR interaction. The fiber 
modifications described herein can be combined with other modifications 
to further reduce any CAR interaction and/or to detarget from additional 
5 receptors. For example, interaction of Ad particles with hepatocytes can 
be reduced or eliminated to thereby reduce liver toxicity in adeno- 
viral-mediated therapy. Ablation of liver transduction can require 
combinations of modification(s) to the adenovirus particle (see U.S. 
Application Serial Nos. 10/351,890 60/459,000). A method for reducing 
1 0 liver toxicity in adenoviral-mediated therapy includes modifying an 
adenoviral vector to ablate native tropism to liver cells in vivo. Such 
vector can be administered to a subject. Such modifications include the 
modifications described herein. 

Such detargeted Ad vectors can be constructed, for example, with 
1 5 adenovirakvectors in which the fiber shaft's interaction with HSP (Heparin 
Sulfate Proteoglycans; also referred to as heparin sulfate 
glycosaminoglycans)) is ablated (reduced or substantially eliminated), 
particularly in vivo, combined with modification to the fiber shaft repeats 
as described herein. Mutations such as those described in U.S. 
20 Application Serial No. 60/459,000 are made to the HSP binding site in the 
fiber, for example the to the KKTK consensus sequence (SEQ ID No. 65) 
in Ad2 and Ad5 can be introduced to reduce HSP interaction. The 
mutation to the HSP binding site is combined with mutations to the fiber 
shaft repeats described herein. Mutations.are effected using techniques 
25 known in the art such as overlap PCR and PCR SOEing or other known 
techniques such as homologous recombination and chemical mutagenesis. 
The modified fibers are then expressed and incorporated into adenoviral 
particles by methods such as those described herein. Combination of the 
modifications to the fiber shaft repeats and the HSP binding site serve to 
30 further detarget the adenoviral particles. 
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Modifications in the fiber shaft are also provided in combination 
with fiber knob modifications that ablate viral interaction with CAR. The 
fiber knob modifications include: (a) mutations of individual amino acids in 
the fiber loop that interact with CAR, such as, for example, AB or CD 
loop modifications; (b) mutations of individual amino acids in the fiber 
loop that modify the ability of the CAR binding motif to interact with 
CAR; and (c) replacements of fiber knobs using adenoviruses that do not 
interact with CAR, such as, for example, Ad3 fiber knob, Ad41 short 
fiber knob, or Ad35 fiber knob. For example, mutations such as K01 and 
K012, described in U.S. Application Serial No. 10/351,890 and 
incorporated herein by reference, are combined with mutations in the fiber 
shaft repeats such as those described herein, by PCR or other biochemical 
techniques known in the art. Combinations of the fiber knob mutations 
and the fiber shaft repeat modifications further reduce CAR interactions 
and provide detargeted adenoviral vectors. 

One measurement of detargeting is the evaluation of the in vivo 
biodistribution of adenoviral vectors containing the modified fiber and 
their influence on adenoviral-mediated liver transduction. Examples of 
such assays are described in U.S. Application Serial No. 10/351,890. 
Cohorts of five C57BL/6 mice receive each vector via tail vein injection at 
a dose of 1 x 10' 3 particles per kg. The animals are sacrificed 
approximately 72 hours after vector administration and tissue samples 
such as liver, heart, lung, spleen, and kidney are collected from each 
animal. 

Immunohistochemistry of tissues is used to assess tissue 
distribution of the virus. Staining with antibodies to viral proteins or to 
markers genes, such as £-galactosidase or GFP, are used to visualize 
positive cells. Additionally, enzymatic activity, fluorescence or other 
properties of genes expressed from the vectors are useful to monitor 
tissue distribution. Virus copy number is assessed in the different tissues, 
for example, by PCR analysis of hexon DNA. Detargeted viruses exhibit 



-61- 



reductions in the number and/or intensity of hepatocytes that stain in the 
antibody assay or that exhibit marker gene activity as compared to assays 
with unmodified virus. Detargeting of tissues other than liver are 
assessed by similar methods and other methods known in the art. 
E. Retargeting 

The detargeted particles can be retargeted to selected tissues by 
adding binding specificity, such as by inclusion of a receptor ligand in the 
capsid. 

1 . Addition of targeting ligand 

The viral particles that are detargeted as described herein, can be 
retargeted to selected cells and/or tissues by inclusion of an appropriate 
targeting ligand in the capsid. The ligand can be included in any of the 
capsid proteins, such as fiber, hexon and penton. Loci for inclusion of 
nucleic acid encoding a ligand is known to those of skill in the art for a 
variety of adenovirus serotypes; if necessary appropriate loci and other 
parameters can be empirically determined. 

The ligand can be produced as a fusion by inclusion of the coding 
sequences in the nucleic acid encoding a capsid protein, or chemically 
conjugated, such as via ionic, covalent or other interactions, to the capsid 
or bound to the capsid (e.g., by antibody-ligand fusion, where the 
antibody binds capsid protein; or by disulfide bonding or other 
crosslinking moieties or chemistries). 

Thus, for example, a modified fiber nucleic acid also can include 
sequences of nucleotides that encode a targeting ligand to produce viral 
particles that include a targeting ligand in the capsid. Targeting ligands 
and methods for including such ligands in viral capsids are well known. 
For example, inclusion of targeting ligands in fiber proteins is described in 
U.S. Patent Nos. 5,543,328 and 5,756,086 and in U.S. Application Serial 
No. 09/870,203, published as U.S. Published application No. 
200201 3721 3, and International Patent Application No. 
PCT/EP0 1/06286. For different serotypes and strains of adenoviruses. 
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loci for insertion of targeting ligands can be empirically determined. For 
different serotypes and strains, such loci can vary. 

Because the adenovirus fiber has a trimeric structure, the ligand 
can be selected or designed to have a trimeric structure so that up to 
5 three molecules of the ligand are present for each mature fiber. Such 
ligands can be incorporated into the fiber protein using methods known in 
the art (see, e.g., U.S. Patent No. 5,756,086). Instead of the fiber, the 
targeting ligand can be included in the penton or hexon proteins. 
Inclusion of targeting ligands in penton (see for example, in U.S. Patent 
10 Nos. 5,731,190 and 5,965,431) and in hexon (see for example, in U.S. 
Patent No. 5,965,541) is known. 

In one exemplary embodiment, the ligand is included in a fiber 
protein, which is a fiber protein mutated as described herein. As shown 
herein, the targeting ligand can be included, for example, within the HI 

1 5 loop of the fiber protein. Any ligand that can fit in the HI loop and still 
provide a functional virus is contemplated herein. Such ligands can be as 
long as or longer than 80-100 amino acids (see, e.g., Belousova eta/. 
(2002M. Virol. 76:8621-8631). Such ligands are added by techniques 
known in the art (see, e.g., published International Patent Application 

20 publication No. W099/39734 and U.S. Application Serial 

No.09/482,682). Other ligands can be discovered through techniques 
known to those skilled in the art. Some non-limiting examples of these 
techniques include phage display libraries or by screening other types of 
libraries. 

25 Targeting ligands include any chemical moiety that preferentially 

directs an adenoviral particle to a desired cell type and/or tissue. The 
categories of such ligands include, but are not limited to, peptides, 
polypeptides, single chain antibodies, and multimeric proteins. Specific 
ligands include the tumor necrosis factor (TNF) superfamily of ligands 

30 include, for example, TNFa and TNF/?, lymphotoxins (LT), such as LT-a 
and LT-/?, Fas ligand which binds to Fas antigen; CD40 ligand, which 
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binds to the CD40 receptor of B-lymphocytes; CD30 ligand, which binds 
to the CD30 receptor of neoplastic cells of Hodgkin's lymphoma; CD27 
ligand, NGF ligand, and OX-40 ligand; transferrin, which binds to the 
transferrin receptor located on tumor cells, activated T -cells, and neural 
tissue cells; ApoB, which binds to the LDL receptor of liver cells; 
alpha-2-macroglobulin, which binds to the LRP receptor of liver cells; 
alpha-l acid glycoprotein, which binds to the asialoglycoprotein receptor 
of liver; mannose-containing peptides, which bind to the mannose 
receptor of macrophages; sialyl-Lewis-X antigen-containing peptides, 
which bind to the ELAM-I receptor of activated endothelial cells; CD34 
ligand, which binds to the CD34 receptor of hematopoietic progenitor 
cells; ICAM-I, which binds to the LFA-I (CD1 1b/CD18) receptor of 
lymphocytes, or to the Mac-I (CD11a/CD18) receptor of macrophages; 
M-CSF, which binds to the c-fms receptor of spleen and bone marrow 
macrophages; circumsporozoite protein, which binds to hepatic 
Plasmodium falciparum receptor of liver cells; VLA-4, which binds to the 
VCAM-I receptor of activated endothelial cells; HIV gp 120 and Class II 
MHC antigen, which bind to the CD4 receptor of T -helper cells; the LDL 
receptor binding region of the apolipoprotein E (ApoE) molecule; colony 
stimulating factor, or CSF, which binds to the CSF receptor; insulin-like 
growth factors, such as IGF-I and IGF-II, which bind to the IGF-I and IGF-II 
receptors, respectively; Interleukins 1 through 14, which bind to the 
Interleukin 1 through 14 receptors, respectively; the Fv antigen-binding 
domain of an immunoglobulin; gelatinase (MMP) inhibitor; bombesin, 
gastrin-releasing peptide; substance P; somatostatin; luteinizing hormone 
releasing hormone (LHRH); vasoactive peptide {VIP); gastrin; melanocyte 
stimulating hormone (MSH); cyclic RGD peptide and any ligand or cell 
surface protein-binding (or targeting) molecule or molecule the targets 
particles with such modifications to selected cells or tissues. 
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2. Retargeting achieved through modified fibers 
Ad particles are useful in gene therapy as vectors retargeted for 
specific cell types. One such example is the use of recombinant Ad 
vectors for gene therapy of diseases in which genes expressed in the 
5 photoreceptors are implicated. Such diseases include but are not limited 
to, degenerative ocular diseases, such as retinitis pigmentosa and 
Stargardt's disease. The tropism of Ad37 derives from the binding 
preference of its fiber protein, which binds to a receptor located on the 
surface of cells including Chang C, conjunctival epithelial cell line (Huang 
10 era/. (1999) J. Virology 73:2798-2802). Amino acids in the knob region 
of the Ad37 fiber have been implicated in the interaction between fiber 
and ocular cell surface receptors (Huang eta/. (1999) J. Virology 
73:2798-2802). 

Ad vectors retargeted for ocular cells such as photoreceptor cells 
15 can be constructed. Chimeric fiber proteins containing the Ad37 fiber 
regions necessary for ocular and/or receptor cell binding, for example the 
• Ad37 fiber knob, are combined with the fiber shaft modifications as 
described herein. Other fiber regions from adenoviruses with ocular .. 
tropism also can be used, such as other serotype D viruses,^. Ad8 and 
20 Ad1 9, including Ad1 9 P . To further detarget the Ad vectors from non- 
ocular cells, additional fiber modifications can be added such as 
modifications to the HSP binding site as described herein. 

Ocular targeting can be assessed by several methods. For 
example, Chang C cells are infected with Ad vectors expressing the 
25 modified fibers. These vectors are also constructed to express a marker 
gene such as GFP (such as described in the Examples). The cells are 
infected at 10,000 particles per cell, after incubation overnight cells are 
detached and washed and GFP fluorescence is measured. Adenovirus cell 
binding also can be measured (see U S Application Serial No. 
30 09/562,934). 
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Retargeting to ocular cells such as photoreceptor cells with the 
vectors described herein also is assessed by producing virus particles with 
such vectors and injecting a solution containing approximately 1 x 10 9 
particles///! was injected into the vitreous chamber of a mouse eye. Seven 
5 days post-injection, eyes are harvested, fixed with paraformaldehyde and 
cryo-sectioned. Sections are stained with an anti-rhodopsin antibody to 
identify photoreceptor cells and with DAPI to show all cell nuclei. GFP 
staining indicates transduced cells (see U.S Application Serial No. 
09/562,934). 

1 0 Ad vectors retargeted to ocular cells as described herein are also 

useful in the therapy of retinal disorders, such as retinal blastemas. 
Therapeutic agents can be encoded by these recombinant adenoviral 
vectors include, but are not limited to, trophic factors, such as glial cell 
line-derived neuroptrophic factor (GDNF) and ciliary neurophophic factor 

15 (CNTF), growth factors and growth factor inhibitors, antiapoptotic 

factors, such as Bcl-2 (CNTF), antitumor agents, anti-angiogenics, and 
genes or portions thereof for gene replacement or repair of defective 
genes. 

Adenoviral vectors are also useful in gene therapy when retargeted 
20. to dendritic cells. Dendritic cells, which have a variety of important 
physiological features in the immune system, can serve as targets for 
immunotherapy and vaccine development. Dendritic cells pick up 
antigens and migrate from the tissues of the body to the lymphoid 
tissues. There these cells present the antigens in the lymphoid organs by 
25 displaying a foreign epitope bound to an MHC protein and trigger humoral 
and cellular immune responses. Such antigen-presenting cells (APCs) are 
part of the immune response mechanism. Genetically modified dendritic 
cells that express particular antigens, such as tumor antigens, can be 
used as vaccines. Numerous studies have shown that adenovirus (Ad)- 
30 mediated delivery to dendritic cells dendritic cells can lead to anti-tumor 
response. These vectors can deliver heterologous nucleic acids to alter 
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dendritic cell antigen presentation, cytokine production and other dendritic 
cell functions. 

Fibers from certain non CAR-using Ad serotypes bind to receptors 
on dendritic cells particularly effective are fibers, or portions thereof, from 
5 subgroup D such as the Ad19p, Ad37 or Ad16 (see, e.g.. U.S. Provisional 
Application 60/467,500). Ad vectors retargeted for dendritic cells can be 
constructed using the modified fibers as described herein, reduced for 
CAR binding, combined with fiber portions that redirect the recombinant 
vectors to dendritic cells such as the modifications described in the 
10 provisional application, for example combinations with fiber portions 
containing fiber knob or portion thereof from a serotype D Ad fiber. 
Dendritic targeting can be assessed in vitro for example by 
; generating bone marrow-derived dendritic cells by culture of bone marrow 
cells from female Balb/C mice and using cell surface markers such as 
15 staining with fluorescently-conjugated antibodies directed against CD 11c, 
CD80, and CD86 for confirmation. Primary dendritic cell cultures are 
infected with 100,000 viral particles/cell of Ad5.GFP.AF pseudotyped 
with the modified fibers. GFP expression is used to monitor cell 
infectivity. 

20 F. Delivery of heterologous products 

Adenovirus particles can be used to express heterologous nucleic 
acids, such as for delivery of a gene product to a targeted cell. 
1. Heterologous Polypeptides 

The packaged adenoviral genome also can contain a heterologous 
25 polynucleotide that encodes a product of interest, such as a therapeutic 
protein. Adenoviral genomes containing heterologous polynucleotides are 
well known (see, e.g., U.S. Patent Nos. 5,998,205, 6,156,497, 
5,935,935, and 5,801,029). These can be used for in vitro, ex vivo and 
in vivo delivery of the products of heterologous polynucleotides or the 
30 heterologous polynucleotides. 



-67- 



Thus, the adenoviral particles provided herein can be used to 
engineer a cell to express a protein that it otherwise does not express or 
does not express in sufficient quantities. This genetic engineering is 
accomplished by infecting the desired cell with an adenoviral particle 
whose genome includes a desired heterologous polynucleotide. The 
heterologous polynucleotide is then expressed in the genetically 
engineered cells. For use herein, the cell is generally a mammalian cell, 
and is typically a primate cell, including a human cell. The cell can be 
inside the body of the animal (in vivo) or outside the body {in vitro). 
Heterologous polynucleotides (also referred to as heterologous nucleic 
acid sequences) are included in the adenoviral genome within the particle 
and are added to that genome by techniques known in the art. Any 
heterologous polynucleotide of interest can be added, such as those 
disclosed in U.S. Patent No. 5.998,205, incorporated herein by reference. 

Polynucleotides that are introduced into an Ad genome or vector 
can be any that encode a protein of interest or that are regulatory 
sequences. Proteins include, but are not limited to, therapeutic proteins, 
such as an immunostimulating protein, such as an interleukin, interferon, 
or colony stimulating factor, such as granulocyte macrophage colony 
stimulating factor (GM-CSF; see, e.g., 5,908,763. Generally, such 
GM-CSF is a primate GM-CSF, including human GM-CSF. Other immuno- 
stimulatory genes include, but are not limited to, genes that encode 
cytokines IL1, IL2, IL4, IL5, IFN, IFN, TNF, IL12, IL18, and flt3), proteins 
that stimulate interactions with immune cells (B7, CD28, MHC class I, 
MHC class II. TAPs), tumor-associated antigens (immunogenic sequences 
from MART-1, gp100(pmel-17), tyrosinase, tyrosinase-related protein 1, 
tyrosinase-related protein 2, melanocyte-stimulating hormone receptor ' 
MAGE1 , MAGE2, MAGE3, MAGE12, BAGE, GAGE, NY-ESO-1, -catenin, 
MUM-1 , CDK-4, caspase 8, KIA 0205, HLA-A2R1 701 , a-fetoprotein, 
telomerase catalytic protein, G-250, MUC-1, carcinoembryonic protein, 
p53, Her2/neu, triosephosphate isomerase, CDC-27, LDLR-FUT, 
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telomerase reverse transcriptase, and PSMA), cONAs of antibodies that 
block inhibitory signals (CTLA4 blockade), chemokines (MIP1, MIP3, 
CCR7 ligand, and calreticulin), and other proteins. 

Other polynucleotides, including therapeutic nucleic acids, such as 
5 therapeutic genes, of interest include, but are not limited to, anti-angio- 
genic, and suicide genes. Anti-angiogenic genes include, but are not 
limited to. genes that encode METH-1, METH -2, TrpRS fragments, pro- 
Irferin-related protein, prolactin fragment, PEDF, vasostatin, various 
fragments of extracellular matrix proteins and growth factor/cytokine 
10 inhibitors. Various fragments of extracellular matrix proteins include, but 
are not limited to, angiostatin, endostatin, kininostatin. fibrinogen-E 
fragment, thrombospondin, tumstatin, canstatin, and restin. Growth 
factor/cytokine inhibitors include, but are not limited to, VEGF/VEGFR 
antagonist, sFlt-1 . sFlk. sNRP1 . angiopoietin/tie antagonist, sTie-2 
15 chemokines (IP-10, PF-4, Gro-beta, IFN-gamma (Mig), I FN, FGF/FGFR 
antagonist (sFGFR), Ephrin/Eph antagonist (sE P hB4 and sephrinB2) 
PDGF, TGF and IGF-1 . 

Among therapeutic transgenes that can be included in the viral 
constructs and resulting particles are those that result in an "armed" 
20. virus. For example, rather than delete E3 region as in some embodiments 
descnbed herein, all or a part of the E3 region can be preserved or 
re-inserted in an oncolytic adenoviral vector (discussed above). The 
presence of all or a part of the E3 region can decrease the 
immunogenicity of the adenoviral vector. It also increases cytopathic 
25 effect in tumor cells and decreases toxicity to normal cells. Typically 
such vector expresses more than half of the E3 proteins. 

A "suicide gene" encodes a protein that can lead to cell death as 
with expression of diphtheria toxin A, or the expression of the protein can 
render cells selectively sensitive to certain drugs, e.g., expression of the 
30 Herpes simplex thymidine kinase gene (HSV-TK) renders cells sensitive to 
antiviral compounds, such as acyclovir, gancyclovir and FIAU 



-69- 



22908-P1237 



(1-(2-de6xy-2-fluoro-1-beta-D-arabinofuranosil)-5-iodouracil). Other suicide 
genes include, but are not limited to, genes that encode carboxypeptidase 
G2 (CPG2), carboxylesterase (CA), cytosine deaminase (CD), cytochrome 
P450 (cyt-450), deoxycytidine kinase (dCK), nitroreductase (NR), purine 
5 nucleoside phosphorylase (PNP), thymidine phosphorylase (TP), varicella 
zoster virus thymidine kinase (VZV-TK), and xanthine-guanine 
phosphoribosyl transferase (XGPRT). Alternatively, a therapeutic nucleic 
acid can exert its effect at the level of RNA, for instance, by encoding an 
antisense message or ribozyme, a protein that affects splicing or 3' 

1 0 processing (e.g., polyadenylation), or a protein that affects the level of 
expression of another gene within the cell, e.g. by mediating an altered 
rate of mRNA accumulation, an alteration of mRNA transport, and/or a 
change in post-transcriptional regulation. 

The addition of a therapeutic nucleic acid to a virus results in a 

15 virus with an additional antitumor mechanism of action. Thus, a single 
entity (i.e., the virus carrying a therapeutic transgene) is capable of 
inducing multiple antitumor mechanisms. Other encoded proteins, 
include, but are not limited to, herpes simplex virus thymidine kinase 
(HSV-TK). which is useful as a safety switch (see, U.S. Patent Application 

20 No. 08/974,391 , filed November 1 9, 1 997, which published as PCT 
Publication No. WO/9925860), Nos, FasL, and sFasR (soluble Fas 
receptor). 

Other products for delivery to cells, such as immune cells, including 
dendritic, are tumor antigens. Tumor antigens include, but are not limited 

25 to carcinoembryonic antigen, NY-BR1 , NY-ESO-1 , MAGE-1 , MAGE-3, 
BAGE, GAGE, SCP-1, SSX-1, SSX-2, SSX-4, CT-7, Her2/Neu, NY-BR-62, 
NY-BR-85 and tumor protein D52 (Scanlan and Jager (2001) Breast 
Cancer Res. 3:95-98; Yu and Restifo (2002) J. Clin. Invest. 1 70:289-94). 
The following Table includes an exemplary list of tumor antigens and 

30 tissues expressing such antigens. 
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Exemplary Antigens 


Tumor Tissue 




Oncofetal 






OPA 


Fetal pancreas 




CEA 


Colon, Rectal, Stomach, Lung, Pancreas, 
Kidney, Bladder, Head & Neck, Cervical, 
endometrial, ovarian. Breast 


5 


POA 


Fetal pancreas j 




CAD 
rMr 


Fetal pancreas 




PA8-15 


Pancreatic cancer 
cell line SUIT-2 




Adult 






CA 50 


Colorectal 

carcinoma cell ! 
line 


10 


CA 19-9 


Colon carcinoma 

nnll linn C\AM 1 1 O 

ceii line owi 1 1 o 


t 


CA 242 


Colorectal 

carcinoma cell 

lino f*ni n ortc 
line i^ulu 4tUo 




CAR-3 

-• 


cpiaermoiu 
carcinorna cell 
line A 431 




DU-PAN-2 


Pancreatic 
carcinoma cell 
line HPAF 




Ynan- 1 

t pan- 1 


Pancreatic 
carcinoma cell 
line SW1990 


15 


Span-1 






BW494 


Pancreatic tumor 
tissue 




MUSE 11 


Gastric cancer 
ascites fluid 






Embryonal carcinoma cells 


20 


Le 8 

Fuc-L A1 


Colon adenocarcinoma 
Pancreatic adenocarcinoma 




Le b 


Colon 

adenocarcinoma 
Pancreatic 
adenocarcinoma 
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— 

Exemplary Antigens 


■ — 

Tumor Tissue | 


3-isoL M , 


Small ppII liinn 1 

vi i 'all bell IUIIU i 




carcinoma 




Glioma 




Medulloblastoma 




Teratocarcinoma 




cells 


3\6'-isoL D1 


Liver metastasis 




of colon cancer 




Embryonal 




carcinoma cells 


Fuc-3'-isoL M , 


Gastrointestinal 


Sialylated Le* 


cancer |j 


Fuc-S'^'-lsoLj), 


numan colon 


Disialylated Le 8 


adenocarcinoma 


nl 

nL A1 


Colon cancer 


i-Antigen 


Lung cancer 


SSEA-1 


Teratocarcinoma 


Le" 


Colon cancer 






Dimeric Le* 


Adenocarcinoma 




Colon cancer 




Liver cancer 


Le Y 


Gastric cancer 




Breast cancer 




Colon cancer 




Colorectal 




carcinoma 




Lung carcinomas 




Primary 




hepatoma 


Sialylated Le* 


Gastrointestinal 


or 


Lancer 


Fuc-3'-L M1 


Lung carcinoma 




Gastric j 




colon 




lung 




breast 




renal cancers 


GB3 


Burkitt's lymphoma 


Globo-H 


breast cancer 


Sulfatide 


Mucinous cystadenocarcinoma. 


Disulfated G A1 


Hepatocellular carcinoma 



10 



15 



20 
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Exemplary Antigens 


Tumor Tissue 




N-Glycolylneuraminic acid 


Colon cancer 




N-Glycolyl-G M2 


N-Glycolyl-G M2 






Melanoma 


5 


OFA-M 
OFA-l-2 








Glioma 






Germ cell tumors 




G D2 


Melanoma 


10 




Neuroblastoma 






Small ceil lung carninoma 






Glioma 




G M3 

Ag 

FCM1 

O Oft 

IF43 

gp-100 melanoma-associated antiqen 


Melanoma 


15 








Melanoma 


20 


HJM1 


Melanoma 






Medulloblastoma 






Glioma 






Leukemia 






Meninglioma 


25 „ 


9-0-Acetyl-G D3 


Melanoma 




Fuc-G^, 

Ml 


Small cell lung carcinoma 




COTA 


Colon, ovarian 




kJ»V 1 UOO 

CTS 


Colon 
prostate 


30 


MAGE-1 MAGE-2 MAGE-3 (MZ2-E 
M22-Bb) 


Lung 

melanocyte 
breast 




MUC-1 


Breast 
pancreas 




Lewis-Ag (GICA) 


Ovarian 
myelin 
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Exemplary Antigens 


Tumor Tissue 




TAG- 12 


Breast 
ovarian 




TAG-72 


colon 

ovarian pancrease 


5 


Orfan-specific cancer neoantigen 
(OSN) 


Lung 




GP100 


ivieianocyte 




MART-1 


Meianocyte 




p95/p97 


Melanocyte 




EGF receptor 


Squamous tumors 


10 




Ovary 






Breast 




(meianotransferrin) 


Melanocyte 




22-1-1 


uterus 
cervix 

nwarw 
UVfll y 


15 


GA733 


gastrointestinal 
carcinoma 




YH206 


adenocarcinomas | 




MART-2 


melanocytes 




BAGE-1 


melanocytes 




GAGE1-6 


melanocyte 


20 




osteocarcoma 




DF3 


Breast 






lymphocytes 




L3p40-50 
L3p90 . 


Lung 


25 


Thomsen-Friedenrich Pan Tumor 
Antigen 


pancarcinoma 






pancreas 






ovarian 




EPB-2 


B cell lymphoma 


30 




melanoma 






lymphoma 
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Exemplary Antigens 


Tumor Tissue 




medullary thyroid 
carcinoma 




gastrointestinal 
carcinoma 


NS-ESO-1 


melanoma, breast, bladder, prostate, 
heptocellular carcinoma 


NY-ESO-1 


melanoma, breast, bladder, prostate, 
heptocellular carcinoma 



Also contemplated are combinations of two or more heterologous 
proteins that can exhibit synergistic, complementary and/or 
nonoverlapping toxicities and methods of action. The resulting 
adenovirus can retain the viral oncolytic functions and, for example, 
10 additionally is endowed with the ability to induce immune and 
anti-angiogenic responses and other responses as desired. 
2. Gene Expression and Regulation 
a. Heterologous polynucleotides 
Therapeutic polynucleotides and heterologous polynucleotides also 
1 5 include those that exert an effect at the level of RNA or protein. These 
include a factor capable of initiating apoptosis, RNA. such as RNAi and 
other double-stranded RNA, antisense and ribozymes, which among other 
capabilities can be directed to mRNAs encoding proteins essential for 
proliferation, such as structural proteins, transcription factors, 
20 polymerases, genes encoding cytotoxic proteins, genes that encode an 
engineered cytoplasmic variant of a nuclease (e.g. Rnase A) or protease 
(e.g. trypsin, papain, proteinase K and carboxypeptidase). Other 
polynucleotides include a cell or tissue specific promoters, such as those 
used in oncolytic adenoviruses (see, e.g., U.S. Patent No. 5,998,205). 
25 b - Regulation of gene expression 

As noted, the adenovirus vectors also can include heterologous 
nucleic acids that encode or provide products, such as therapeutic 
products or that alter gene expression. Any therapeutic product is 
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contemplated and a variety are set forth herein as exemplary. 
Heterologous nucleic acid can encode a polypeptide or include or encode 
a regulatory sequence, such as a promoter or an RNA. The heterologous 
nucleic acid can encode small RNAs, including RNAi, other double- 
5 stranded RNA (dsRNA), antisense RNA, and ribozymes, that can alter 
gene expression. Promoters include, for example, constitutive and 
regulated promoters and tissue specific promoters, including tumor 
specific promoters. The promoter can be operably linked, for example, to 
a gene of an adenovirus essential for replication. 
1 0 The heterologous polynucleotide encoding a polypeptide also can 

contain a promoter operably linked to the coding region. One example is 
a regulated promoter and transcription factor expression system, such as 
the published tetracycline-regulated systems, or other regulable systems 
(see for example, WO 01/30843), to allow regulated expression of the 

1 5 encoded polypeptide. An exemplary regulable promoter system is the 
Tet-On and Tet-Off systems currently available from Clontech (Palo Alto, 
CA). This promoter system allows the regulated expression of the 
transgene controlled by tetracycline or tetracycline derivatives, such as 
doxycycline. This system can be used to control the expression of the 

20 encoded polypeptide in the viral particles and nucleic acids provided 
herein. Other regulable promoter systems are known (see, e.g., U.S. 
Published Application No, 200201 6871 4). Regulable promoters also 
include tissue-specific promoters. Tissue-specific promoters direct the 
expression of the gene to which they are operably linked to a specific cell 

25 type. Tissue-specific promoters cause the gene located 3' of it to be 

expressed predominantly, if not exclusively, in the specific cells where the 
promoter expressed its endogenous gene. Typically, it appears that if a 
tissue-specific promoter expresses the gene located 3' of it at all, then it 
is expressed appropriately in the correct cell types (see, e.g., Palmiter et 

30 al.(1986) Ann. Rev. Genet. 20: 465-499). Tissue-specific promoters 
useful in Ad vectors such as those described herein are for example 
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tumor-specific promoters, such as those used in oncolytic adenoviruses 
(see, e.g., U.S. Patent No. 5,998,205), ocular cell-specific promoters, 
such as the rhodopsin promoter, and dendritic cell-specific promoters, and 
tissue-selective promoters such as those described in U.S. Patent No. 
5 5,998,205. Other suitable promoters that can be employed include, but 
are not limited to, adenoviral promoters, such as the adenoviral major late 
promoter and/or the E3 promoter; or heterologous promoters, such as the 
cytomegalovirus (CMV) promoter; the Rous Sarcoma Virus (RSV) 
promoter; inducible promoters, such as the MMT promoter, the 

10 metallothionein promoter; heat shock promoters; the albumin promoter; 
and the ApoAl promoter. 

The heterologous polynucleotide also can include an adenovirus 
tripartite leader (TPL) nucleic acid sequence (for example SEQ ID No. 22) 
operatively linked to an intron containing RNA processing signals (such as 

15 for example, splice donor or splice acceptor sites) suitable for expression 
in the packaging cell line. Generally the intron contains a splice donor site 
and a splice acceptor site. Alternatively, the TPL nucleotide sequence 
does not contain an intron. The intron includes any sequence of 
nucleotides that function in the packaging cell line to provide RNA 

20 processing signals, including splicing signals. Introns have been well 

characterized from a large number of structural genes, and include but are 
not limited to a native intron 1 from adenovirus, such as Ad5's TPL intron 
1; others include the SV40 VP intron; the rabbit beta-globin intron, and 
synthetic intron constructs (see, e.g., Petitclerc eta/. (1995) J. 

25 Biothechnol., 40:169; and Choi eta/. (1991) Mot. Cell. Biol., //:3070). 
The nucleic acid molecule encoding the TPL can include, for 
example, the native TPL with at least the for first intron or, for example, 
either (a) first and second TPL exons or (b) first, second and third TPL 
exons. where each TPL exon in the sequence is selected from among the 

30 complete TPL exon 1 , partial TPL exon 1 , complete TPL exon 2 and 
„ complete TPL exon 3. A complete exon is one that contains the complete 
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nucleic acid sequence based on the sequence found in the wild type viral 
genome. The TPL exons typically are from Ad2, Ad3, Ad5, Ad; they can 
be derived from any Ad serotype, as described herein. The use of a TPL 
with a partial exon 1 has been reported (see, e.g., International PCT 
5 application No. WO 98/13499). 
G. Animal and human delivery 

The adenoviral vectors provided herein can be used to study cell 
transduction and gene expression in vitro or in various animal models. The 
latter case includes ex vivo techniques, in which cells are transduced in 

10 vitro and then administered to the animal. Ad vectors provided herein also 
can be used to conduct gene therapy on humans or other animals. Such 
gene therapy can be ex vivo or in vivo. For in vivo gene therapy, the 
adenoviral particles in a pharmaceutically-acceptable carrier are delivered 
to a human in a therapeutically effective amount in order to prevent, 

15 treat, or ameliorate a disease or other medical condition in the human 
through the introduction of a heterologous gene that encodes a 
therapeutic protein into cells in such human. The adenoviruses are 
delivered at a dose ranging from approximately 1 particle per kilogram of 
body weight to approximately 10 14 particles per kilogram of body weight. 

20 Generally, they are delivered at a dose of approximately 1 0 e particles per 
kilogram of body weight to approximately 10 13 particles per kilogram of 
body weight, and typically the dose ranges from approximately 10 8 
particles per kilogram of body weight to approximately 10' 2 particles per 
kilogram of body weight. 

25 Gene therapy methods include in vivo and ex vivo methods. In all 

methods involving expressing heterologous nucleic acids, vectors 
containing the nucleic acids are transduced into a cell or cells. In these 
methods an adenoviral vector provided herein is transduced into a cell to 
deliver the nucleic acid and/or encoded products. Transduction can be 

30 effected in vivo or in vitro or ex vivo, and can be for a variety of purposes . 
including study of gene expression and genetic therapy. The cells can be 
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prokaryotic cells, but typically are eukaryotic cells, including mammalian 
cells, such as primate, including human, cells. The cells can be of a 
specific type, such as a tumor cell or a cell in a particular tissue. The 
vectors can be oncolytic vectors to effect killing of tumor cells. 
5 Propagation and Scale-up 

Since doubly ablated adenoviral vectors containing mutations in the 
fiber and/or penton capsid proteins can result in inefficient cell binding 
and entry via the CAR/ov integrin entry pathway, scaled up technologies 
improve the growth and propagation of such vectors to produce high 
10 titers of the adenoviral vectors for clinical use. Multiple strategies can be 
used to scale up vectors that are detargeted via fiber and/or penton 
modifications. These include: (a) the use of pseudoreceptor cell lines 
engineered to express a surface receptor that binds a ligand displayed on 
the vector (see, e.g., International PCT application No. WO 98/54346) 
15 and (b) complementing cell lines that are engineered to express native 
fiber and that can be engineered to express native fiber and penton (see, 
e.g., International PCT application No. WO 00/42208; (c) the use of 
polycations and/or bifunctional reagents, which when added to tissue 
culture medium, bind adenoviral particles and direct their entry into the 
20 producer cells; and (d> other strategies known to those of skil. in the art 
In this latter method (see, copending U.S. application Serial No. 
10/351,890 and International PCT application No. PCT/US03/02295), 
reagents (also called medium additives) also can be included in the tissue 
culture medium containing producer cells to be infected with the 
25 detargeted adenoviral vectors. Alternatively the reagents can be pre- 
fixed with the virus, which mixture is then added to the tissue producer 
cells. Reagents that are useful in this method are those that are capable 
of Greeting adenoviral particle entry into the producer cells. Such 
reagents include, but are not limited to, polycations and bifunctional 
30 reagents. Examples of suitable reagents are those described in Patent 
Application Serial No. 10/351,890 and International PCT application No 
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PCT/US03/02295, such as polytheylenimine, protamine sulfate, 
poly-L-lysine, hexadimethrine bromide and bifunctional reagents such as 
anti-fiber antibody ligand fusions, anti-fiber-Fab-FGF conjugate, 
anti-penton-antibody ligand fusions, anti-hexon antibody ligand fusions 
5 and polylysine-peptide fusions. 

H. Formulation and administration 

Compositions containing therapeutically effective concentrations of 
the recombinant adenovirus particles are provided. The particles are 
formulated in any suitable vehicle, such as by mixing, and at a suitable 

10 concentration, including concentrated formulations for dilution and single 
dosage formulations. Administration is effected by any means, including 
systemic administration, such as intramuscular, parenteral and 
intravenous administration, local or topical administration depending upon 
the treatment. The compositions can be formulated in sustained released 

1 5 formulations, in liposomes and in other delivery vehicles. Sustained 

release formulations can be formulated for multiple dosage administration, 
so that during a selected period of time, such as a month or up to about a 
year, several dosages are administered. Thus, for example, liposomes 
can be prepared such that a total of about two to up to about five or 

20 more times the single dosage is administered in a single administration. 
To prepare compositions the viral particles are dialyzed into a 
suitable acceptable carrier or viral particles, for example, can be 
concentrated and/or mixed therewith. The resulting mixture can be a 
solution, suspension or emulsion. In addition, the viral particles can be 
25 formulated as the sole pharmaceutical^ active ingredient in a composition 
or can be combined with other active agents for the. particular disorder 
treated. 

The following examples are included for illustrative purposes only 
30 and are not intended to limit the scope of the invention. 

EXAMPLE 1 
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Construction of Chimeric Fiber Proteins 

Chimeric adenovirus fiber proteins were constructed using gene 
splicing by overlap extension PCR (Horton eta/., (1990) J. Virol. 
74:10274-10286) from Ad5 and Ad37 fiber gene fragments. PCR and 
5 mutagenic primers are listed in Table 2. 

TABLE 2. PCR, overlap extension PCR, and mutagenic primers. 

Introduced restriction sites are in bold. The start codons are 
denoted by an asterisk (*). Mutagenic bases are underlined. 



10 



15 



20 



25 



Construct 


Primer 


Sequence 


SEQ ID 


Ad37s/Ad5k 


L37 


b -itj I CM GAA jcc aag atg* aag cgc gcc 

CGC CCC AGC GAA fiAT ^AC TTCT 


1 




37s5k-3 


5'-TGG AGC TGG TGT GGT CCA CAA AGT GCG 
I tj rc ATA TTC TGG GTT CCA-3' 


2 




5k-5 


5'-ACT TTG TGG ACC ACA CCA GCT CCA-3* 


3 




fiber3 


5' CAT AAC GCG GCC GCT TCT TTA TTC TTG 

GGC-3' 






M-c1-f 


5' GTG CTA CTA AAC AAT TCC TTC CTG GAT 
CCA GAA TAT TGG AAC-3' 


5 




M-cl-r 


5*-GTT CCA ATA TTC TGG ATC CAG GAA GGA 
ATT GTT TAG TAG CAC-3' 


6 




TiDero 


5'-ATG GGA TCC AAG ATG* AAG CGC GCA 
AGACCG-3' ^ 


7 




5s-3 


5'-TGG TGT GGT CCA CAA AGT TAG CTT ATC 
ATT-3' 


8 




5s37k-5 


5'-AAG CTA ACT TTG TGG ACC ACA CCA GAC 
ACA TCT CCA AAC TGC ACA ATT-3' 


9 




37fr 


b -AAA CAC GGC GGC CGC TCT TTC ATT CTT 

G-3' 


10 




M-c2-f 


5' CTT TGT GGA CCA CAC CAG ACA CTA GTC 
CAA ACT GCA CAA TTG CTC-3' 


11 




M-c2-r 


5*-GAG CAA TTG TGC AGT TTG GAC TAG TGT 
CTG GTG TGG TCC ACA AAG-3' 


12 


Ad5As 


short3 


5'-GCT TAG GTT AAC CTC AAG CTT TTT CTT 
GGT TTT TTT GAG AGG TGG GCT-3' 


13 




short5 


5'-AGC CCA CCT CTC AAA AAA ACC AGG AAA 
AAG CTT GAG GTT AAC CTA AGC-3' 


14 


Ad5s/Ad37s 


rep3-3 


5'-ATC AGT ATT AAC TTG CAG TGG AGC CTT 
AGG GTT TAC AGT TAG GCT TCC GGC CTC GTC 
CAG AGA GAG GCC GTT-3' 


15 




rep3-5 


5'-GGA AGC CTA ACT GTA AAC CCT AAG GCT 
CCA CTG CAA GTT AAT ACT GAT TCA AAC 
ATA AAC CTG GAA ATA TCT-3' 


16 




rep7-3 


5'-ATC ATT GTC AAA TGT CAA CCC TTC TCT 
TGC TCT TAC ATT TAT ACC AAT GTT GTA ATC 
AAA TTC TAG GCC ATG-3' 


17 




rep7-5 


5'-ATT GGT ATA AAT GTA AGA GCA AGA GAA 
GGG TTG ACA TTT GAC AAT GAT GGT GCC ATT 
ACA GTA GGA AAC AAA-3' 


18 




Mut4for 


5'-CTG GAC GAG GCC GGC AGC CTA ACT GTA ' 
AAC CCT AAG GC-3' " 


19 
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Construct 


Primer 


Sequence 


SEQ ID 




Mut4rev 


5' GCC TTA GGG TTT ACA GTT AGG CTG CCG 
GCC TCG TCC AG-3' 


20 



Ad37s/Ad5k: Approximately 10 8 particles of wild-type Ad37 (ATCC) 
were mixed with a PCR master mix (1X ThermoPol Buffer, 300 //M each 
5 dATP, dTTP, dGTP, and dCTP, and 2 U Vent DNA polymerase. New 
England Biolabs, Beverly, MA), 200 nM primers L37 (SEQ ID No. 1) and 
37s5k-3 (SEQ ID No. 2), to amplify the nucleotide sequence encoding 
amino acids 1-184 of the Ad37 fiber. Mutations were incorporated into 
the Ad37 fiber tail to make the sequence more closely match the Ad5 tail 

1 0 (Wu et al. , (2001 ) Virology 279: 78-89). These mutations change the 
first seven amino acids of the tail from MSKRLRV of Ad37 (SEQ ID No. 
37) to MKRARPS of Ad5 (SEQ ID No. 35) to facilitate fiber incorporation 
into the Ad5 vector capsid. This PCR reaction mixture was heated to 
94°C for 5 minutes and subjected to 1 cycle of 94°C for 1 minute, 45°C 

15 for 1 .5 minutes, and 72°C for 2 minutes, then 30 cycles of 94°C for 1 
minute, 50°C for 1.5 minutes, and 72°C for 2 minutes, and a final 
extension step of 72°C for 5 minutes (Program 1). 

To construct the Ad5 portions of the chimeras, pDV67 (available 
from the ATCC under accession number PTA-1145) was used as a 

20 starting material. The nucleotide sequence of pDV67 is set forth in SEQ 
ID No. 21 . pDV67 has the TPL cassette and the Ad5 fiber gene inserted 
into a pCDNA3.1/Zeo( + ) backbone (see U.S. Application Serial No. 
60/459,000; see also, Von Seggern et al. (1998) J. Gen Virol., 79: 
1461-1468). 

25 In a second reaction, pDV67 was mixed with PCR master mix. 

Primers 5k-5 (SEQ ID No, 3) and fiber3 (SEQ ID No. 4) were added to this 
reaction to amplify the nucleotide sequence encoding amino acids 400- 
581 of the Ad5 fiber. This PCR reaction mixture was heated to 94°C for 
5 minutes and subjected to 30 cycles of 94°C for 1 minute, 55°C for 1 

30 minute, and 72°C for 2 minutes, and a final extension step of 72°C for 5 
minutes (Program 2). 
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The first-step PCR products were gel purified from 10 //I of the 100 
//I reactions in a 1 % low melting agarose gel. The gel purified PCR 
products were melted and 10 //I of each were mixed together with 1X 
PCR Buffer, an additional 3 mM MgCI 2 , 300 fjM each dNTP, 0.8 fjM L37 
5 5' primer (SEQ ID No. 1) and fiber3 3' primer (SEQ ID No. 4). and 5 U 
Taq DNA polymerase (Gibco BRL; Invitrogen, Carlsbad, CA). Program 1, 
as described above, was used for the overlap extension PCR reaction. 

The PCR product was cloned into the pCR2.1 cloning vector (SEQ 
ID NO. 69} using the TOPO TA Cloning Kit (Invitrogen, Carlsbad, CA). 

10 The plasmid was transformed into TOP10 E. coli cells (Invitrogen) and 
purified from cultured cells using the Qiagen Plasmid Mini Spin Kit 
(Qiagen, Valencia, CA). The chimeric fiber gene was excised from 
PCR2.1 and ligated into the BamHI and Notl sites of pCDNA3.1zeo( + ) 
(Invitrogen). The Ad5 tripartite leader (TPL; SEQ ID No. 22) was excised 

15 from pDV55 using BamHI and Bglll and inserted into the BamHI site in 
front of the chimeric fiber gene in the expression vector (construction of 
plasmid pDV55 is described in copending U.S. Application Serial 
No. 09/482,682, also filed as International PCT application No. 
PCT/US00/00265; and in U.S. Application Serial No. 09/562,934, also 

20 filed as International PCT application No. PCT/EP0 1/04863, each 

incorporated by reference herein). The plasmid containing Ad37s/Ad5k 
was designated pLP13. 

Vectors containing Ad5s/Ad37k, Ad5As, and Ad5s/Ad37s genes 
preceded by the Ad5 TPL, designated pLP23, pLP32, and pLP43, 

25 respectively, were constructed in the same fashion as Ad37s/Ad5k, using 
the primers, templates, and PCR programs listed in Table 3. The chimeric 
fiber proteins Ad37s/Ad5k, Ad5s/Ad37k, Ad5As, and Ad5s/Ad37s are 
shown schematically in Figure 2. 

All four plasmids, pLP13, pLP23, pLP32, and pLP43, were purified 

30 from 500 ml cultures using the Qiagen Plasmid Maxi Kit. 

TABLE 3. Overlap extension polymerase chain reactions for construction 
of chimeric fiber proteins. 
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Rxn 


Construct 


Tem- 
plate 


Polym- 
erase 


5' Primer 


3' Primer 


Progr 
am 


Amplified 
fiber protein 
fragment 


1 


Ad37s/Ad5k 


wt Ad37 
virus 


Vent* 


L37 


37s5k-3 


1 


Ad37 1-184 


2 


m 


pDV67 


Vent 


5k-5 


fiber3 


2 


Ad5 400-581 


3 


m 


Rxns. 1 


Taqt 


L37 


fiber3 


1 


Ad37 1-184; 


4 


Ad5s/Ad37k 


pDV67 


Vent 


fiber5 


5s-3 


2 


AHR 1 ADR 


5 


- 


wt Ad37 
virus 


Vent 


5s37k-5 


37fr 


2 


Ad37 188- 
365 


6 


n 


Rxns. 4 


Tag 


fiber5 


37fr 


1 


Ad5 1-405; 


7 


AdSAs 


nDVfi7 


vent 


tibero 


short3 


2 


Ad5 1-94 


8 


n 


PDV67 


Vent 


short 5 


fiber3 


2 


Ad5 317-581 


g 


m 


Rxns. 7 


Tag 


fiberS 


fiber3 


1 


Ad5 1-94 and 


10 


Ad5s/Ad37s 


pDV67 


Vent 


fiberS 


rep3-3 


2 


Ad5 1-75; 
Ad37 74-89 


11 




PDV67 


Vent 


rep3-5 


rep7-3 


2 


Ad5 95-370; 
Ad37 74-89 
and 166-171 


12 


m 


pDV67 


Vent 


rep 7-5 


fiber3 


2 


Ad5 387-581; 
Ad37 1 66- 
171 


13 


m 


Rxns. 1 1 
& 12 


Tag 


rep3-5 


fiber3 


2 


Ad5 95-370 
and 387-581; 
Ad37 74-89 
and 166-171 


14 


a 


Rxns. 10 
& 13 


Tag 


fiberS 


fiber3 


1 


Ad5 1-75, 95- 
370 and 387- 
581; Ad37 
74-89 and 
166-171 



10 



15 



* Vent DNA Polymerase; New England Biolabs. 
t Teq DNA Polymerase; Gibco BRL 
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Construction of pDV121 

To construct a plasmid for the expression of the Ad37 fiber, the 
open reading frame was PCR amplified from viral genomic DNA of Ad37 
using primers L37 |SEQ ID No. 1) and 37fr (SEQ ID No. 10) and cloned 
5 into pCR2.1 Topo (Invitrogen, Carlsbad, CA; see, SEQ ID Nos. 70) to 
create pDV1 1 7. After confirmation of the correct sequence, the Ad37 
fiber open reading frame was excised from pDV1 17 using BamHI and Notl 
sites contained in the PCR primer, and inserted into the BamHI and Notl 
sites of pcDNA3.1zeo( + )(lnvitrogen) to create pDV120. The BamHI-Bglll 
10 fragment was excised from pDV55, as described above, and inserted into 
the BamHI site of pDV120 to create the plasmid pDV121. 

EXAMPLE 2 

Construction of Fiber-expressing packaging cell lines 

Cell Lines 

15 HEK-293T cells (DuBridge, etal., (1987) Mol. Cell. Biol. 7:379- 

387) and A549 lung carcinoma cells {American Type Culture Collection, 
Manassas, VA) were cultured in Dulbecco's Modified Eagle Medium 
(Gibco BRL; Invitrogen, Carlsbad, CA) containing 10% fetal bovine serum 
(FBS; Mediatech, Herndon, VA). 

20 AE1-2a S8 cells are derivatives of the A549 lung carcinoma line 

(ATCC no. CCL 1 85) with chromosomal insertions of the plasmids 
PGRE5-2.E1 (also referred to as GRE5-E1-SV40-Hygro construct and set 
forth in SEQ ID No. 23) and pMNeoE2a-3.1 (also referred to as MMTV- 
E2a-SV40-Neo construct and set forth in SEQ ID No. 24), which provide 

25 complementation of the adenoviral E1 and E2a functions, respectively 
(van Raaij, etal. (1999) Nature 407:935-938). AE1-2a cells were 
obtained from Michael Kadan (Genetic Therapy, Inc./Novartis, Summit, 
NJ) and maintained in Improved Modified Eagle Medium (IMEM; 
Mediatech, Herndon, VA) containing 10% FBS, 200 //g/ml Hygromycin B 

30 (Calbiochem, San Diego, CA) and 200 //g/ml Neomycin sulfate 
(Calbiochem). 
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Growth of the fiber-deleted viruses in packaging cells that express 
a fiber protein as well as complementing the E1 deletion allows generation 
of particles with any desired fiber. 
Packaging Cell lines 
5 Packaging cell lines were generated by stably transfecting 

expression constructs for the fibers of interest (Von Seggern et al., J. 
Virol. 74:354-362 (2000)) into an A549-derived E1- and E2a- 
complementing cell line (Gorziglia eta/., J. Virol. 70:4173-4178 (1996)), 
and clones that expressed the fibers at high levels were selected. 

10 Cell lines expressing Ad5 or Ad37 fiber. 

AE1-2a S8 cells were electroporated as previously described (Von 
Seggern et at. (1998) J. Gen Virol., 79: 1461-1468) with pDV67 (as 
described above; see also U.S. Application Serial No. 60/459,000) and 
stable lines were selected with zeocin (600 //g/ml) to produce cell lines 

1 5 expressing the Ad5 fiber. The Ad5 fiber-expressing cells were designated 
cell line 633. Similarly, cell lines expressing the Ad37 fiber were 
, produced by electroporating AE1-2a cells with plasmid pDV121 and 
stable lines were selected with zeocin (800 //g/ml) . Cell lines expressing 
the Ad37 fiber were designated cell lines 761, 762 and 763. 

20 AE1-2a-derived cell lines 633 and 761 , expressing the Ad5 (Von 

Seggern, etat., (1999) J. Virol. 73:1601-1608) and Ad37 (Wu eta/., 
(2001) Virology 279: 78-89) fiber proteins, respectively, were maintained 
in IMEM, 10% FBS, 200 //g/ml Hygromycin B. 200 //g/ml Neomycin 
sulfate, and 300 //g/ml Zeocin (Invitrogen, Carlsbad, CA). 

25 Cell lines expressing chimeric fibers. 

7 fjg of the fiber expression vectors, pLP13, 23, and 32, were 
stably transfected into 5x1 0 6 AE1-2a cells suspended in IMEM, 0.1 mM 
DTT using a Gene Pulser II (Bio-Rad, Richmond, CA) at 0.3 kV and 500 
//F. Cells were plated overnight in growth medium and selected using 

30 600 //g/ml Zeocin, 400 //g/ml Hygromycin B, and 400 //g/ml Neomycin 
sulfate. Selected colonies were analyzed by immunofluorescence, using 
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anti-fiber monoclonal 4D2 antibody (NeoMarkers, Fremont, CA) and 
AlexaFluor® 488 goat anti-mouse IgG conjugate (Molecular Probes, 
Eugene, OR). pLP43 was transiently transfected into 293T cells using 
SuperFect transfection reagent (Qiagen, Valencia, CA) as described by 
5 manufacturer's instructions. 

EXAMPLE 3 
Construction of Fiberless Ad 5 particles 

To construct the E1/ fiber deleted viral vector, pDV44 is prepared 
as described herein. Plasmid pDV44 is derived from pBHGIO, a vector 

10 prepared as described by Bett eta/., (1994) Proc. Natl. Acad. Sci., USA, 
91:8802-8806, now described in International Application Publication No. 
WO 95/00655, with methodology well known to one of ordinary skill in 
the art. This plasmid also is commercially available from Microbix 
'■ (Toronto, Canada). It contains an Ad5 genome with the packaging signals 

15 at the left end deleted and the E3 region (nucleotides 28133-30818) 

replaced by a linker with a unique site for the restriction enzyme Pad. An 
1 1 .9 kb BamHI fragment, which contains the right end of the adenovirus 
genome, is isolated from pBHGIO and cloned into the BamHI site of 
pBS/SK( + ) to create plasmid p1 1.3 having approximately 14,658 bp. The 

20 p1 1 .3 plasmid was then digested with Pad and Sail to remove the fiber, 
E4, and inverted terminal repeat (ITR) sequences. 

This fragment was replaced with a 3.4 kb fragment containing the 
ITR segments and the E4 gene, which was generated by PCR 
amplification from pBHGIO using the following oligonucleotide sequences: 

25 5' TGTACACCG GATCCGGCGCACACC3' SEQ ID No. 25; and 

5'CACAACGAGCTC AATTAATTAATTGCCACATCCTC3' SEQ ID No. 26. 
These primers incorporated sites for Pad and BamHI. Cloning this 
fragment into the Pad and blunt ended Sail sites of the p1 1 .3 backbone 
resulted in a substitution of the fused ITRs, E4 region and fiber gene 

30 present in pBHGIO, by the ITRs and E4 region alone. The resulting p1 1 .3 
plasmid containing the ITR and E4 regions, designated plasmid pDV43a F 
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was then digested with BamHI. This BamHI fragment was then used to 
replace a BamHI fragment in pBHGIO thereby creating pDV44 in a 
pBHGTO backbone. 

In an alternative approach, pDV44 was prepared using an 
5 additional subcloning step to facilitate the incorporation of restriction 
cloning sites. This alternative cloning procedure was performed as 
follows. pDV44 as above was constructed by removing the fiber gene 
and some of the residual E3 sequences from pBHGIO (Microbix 
Biosystems). As above, to simplify manipulations, the 1 1.9 kb BamHI 
10 fragment including the rightmost part of the Ad5 genome was removed 
from pBHGIO and inserted into pBS/SK. The resulting plasmid was 
termed p1 1 .3. The 3.4 kb DNA fragment corresponding to the E4 region 
and both ITRs of adenovirus type 5 was amplified as described above 
from pBHGIO using the oligonucleotides listed above and subcloned into 

15 the vector pCR2.1 (Invitrogen) to create pDV42. This step is the 

additional cloning step to facilitate the incorporation of a Sail restriction 
site. pDV42 was then digested with Pad, which cuts at a unique site in 
one of the PCR primers, and with Sail, which cuts at a unique site in the 
PCR2.1 polylinker. This fragment was used to replace the corresponding 

20 Pacl/Xhol fragment of pi 1 .3 (the pBS polylinker adjacent to the Ad DNA 
fragment contains a unique Xhol site), creating pDV43. 

Ad5.GFP.AF was constructed by recombination in bacteria using a 
modification of the AdEasy System (see, U.S. Patent No. 5,922,576 and 
He etal. (1998) Proc. Natl. Acad. Sci. U.S.A. 95:2509-2514; the system 

25 is publicly available from the authors at Johns Hopkins University and 
other sources). First, a fiber-deleted genomic plasmid was constructed by 
removing the fiber gene from pAdEasy-1. Plasmid pAdEasy-1 contains 
the entire Ad5 genome, except for nucleotides 1-3,533, which 
encompass the E1 genes, and nucleotides 28„ 130-30,820, which 

30 encompass the E3 gene. 
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Plasmid pDV43 was digested with Pad, the ends blunted by 
treatment with the large fragment of E. coli DNA polymerase and dNTPs, 
and the product re-ligated to produce plasmid pDV76. The resulting 
plasmid pDV76 is identical to pDV43 except for loss of the Pac\ site and 
contains the right end of the Ad5 genome with E3 and fiber deletions. A 
4.23 kb fragment from PDV76 was amplified using the oligonucleotide 
primers (SEQ ID Nos. 27 and 28, respectively): 5'' CGC GCT GAC TCT 
TAA GGA CTA GTT TC 3', including the unique Spel site in the Ad5 
genome (bold); and 5' GCG CTT AAT TAA CAT CAT CAA TAA TAT ACC 
TTA TTT T 3', including a new Pac\ site (bold) adjacent to the right Ad5 
ITR. The resulting PCR amplified fragment contains nucleotides 27,082 
to 35,935 of the Ad5 genome with deletions of nucleotides 28,133 to 
32,743 (the E3 and fiber genes), and was used to replace the 
corresponding SpeVPac\ fragment of pAdEasy 1 (see, U.S. Patent No. 
5,922,576) to create pDV77. 

Second, E. coli strain BJ5183 was electroporated with a mixture of 
pDV77 and Pme} -linearized pAdTrack as described (U.S. Patent No. 
5,922,576; He et at. (1998) Proc. Natl. Acad. Sci. U.S.A. S5:2509- 
2514), and DNA was isolated from kanamycin-resistant colonies. The 
resulting plasmid, pDV83, contains a complete Ad5 genome with E1-, 
E3-, and fiber-deletions with a CMV-driven GFP reporter gene inserted at 
the site of the E 1 deletion. 

The full length Ad chromosome was isolated by Part digestion, 
and transfected into the E1- and fiber-complementing 633 cells described 
herein (see also. Von Seggern et at. (2000) J.Virol. 74:354-362). The 
recovered virus Ad5.GFP.AF was then plaque purified by plating on 633 
cells and virus stocks were prepared by freeze-thawing cell pellets. 

EXAMPLE 4 
Construction of Pseudotyped Viruses 
Ad5-pseudotype particle production 
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A system for testing modified fiber genes to identify tropisms of 
interest is described in copending U.S. Application Serial No. 09/482,682 
(also filed as International PCT application No. PCT/USOO/00265). The in 
vitro system involves infection of tissue culture cells with a fiber-deleted 
Ad and transfection with a plasmid directing fiber expression. This 
system allows one to produce and evaluate modified fibers expressed on 
a viral particle. This system can be used to produce therapeutic 
quantities of adenoviral vectors with modified fiber proteins 

Ad5.GFP.AF/5F and Ad5.GFP.AF/37F pseudotyped Ad5 vectors 
were produced by propagating Ad5.GFP.AF in fiber complementing 633 
and 761 cells, respectively. The particles produced by growth in the 
various cell lines are identical except for their fiber proteins. 
Particles with Ad 5 fiber 

Ad5-pseudotyped particles (Ad5.GFP.AF/5F) were generated by 
virus growth in 633 cells, which express the wild type Ad5 fiber protein. 
Viral particles were isolated and purified by centrifugation on preformed 
1 5-40% CsCI gradients ( 1 1 1 ,000 x g for three hours at 4°C; Von 
Seggern et al. ( 1 999) J. Virol. 73: 1 601 -1 6080) . 
Particles with Ad37 fiber 

Cells from the Ad37 fiber producing cell line 761 were infected at 
approximately 1000 particles/cell with Ad5.GFP.AF. Viral particles were 
isolated and purified over CsCI gradients, as described above. The bands 
were harvested, dialyzed into storage buffer (10 mM Tris-pH 8.1, 0.9% 
NaCI, and 10% glycerol), aliquoted and stored at -70°C. 
Particles with Chimeric Fibers 

Cells expressing either the Ad37s/Ad5k, Ad5s/Ad37k. Ad5As or 
Ad5s/Ad37s fibers as described herein were infected at 75-80% 
confluency with Ad5.GFP.AF/5F at approximately 2000 particles per cell. 
Cells were detached around 72 hours post-infection and lysed by 
repeated freezing and thawing. Cell debris was removed by 
centrifugation, and the liberated virus particles were purified in a 16-40% 
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CsCI gradient at 1 1 1 ,000 x g for 3 hours. Purified virus was dialyzed into 
TBS, 10% glycerol. Protein concentration was determined by a Bradford 
protein assay (Bio-Rad). Virus concentration was calculated from the 
protein concentration using the known molecular weight of Ad2 particles 
5 (1 (jg = 4x 10 9 particles). 

EXAMPLE 5 
Fiber Expression Assay 
Immoblot analyses of Ad particles was used to analyze fiber 
expression. Five hundred nanograms of virus was denatured by boiling in 
1 0 a 2% sodium dodecyl sulfate (SDS) and 0.2 M 2-mercaptoethanol buffer 
for 5 minutes. Viral proteins were separated by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) in an 8-1 6% Tris-Glycine gel 
(Novex/lnvitrogen) and transferred to a polyvinyl difluoride (PVDF) 
membrane. The membrane was blocked in 5% (w/v) milk in phosphate 
15 buffered saline, 0.02% |v/v) Tween-20 (PBS-T) overnight at 4°C. After 
blocking, the membrane was incubated with 4D2 anti-fiber monoclonal 
antibody {NeoMarkers, Fremont, CA) diluted 1:1,000 in milk in PBS-T for 
1 hour at room temperature. The membrane was washed and incubated 
with 1 : 1 0,000 goat anti-mouse horseradish peroxidase conjugated 
20 antibody (Sigma-Aldrich, St. Louis, MO) for 30 minutes at room 

temperature. After washing the membrane again, the blot was probed 
with enhanced chemiluminescence reagents {Supersignal West Pico 
reagents; Pierce, Rockford, IL) and developed on film. 

To ensure equal loading of virus samples, the membrane was 
25 stripped and reprobed for penton base. The membrane was incubated 
with 100 mM 2-mercaptoethanol, 2% SDS, 62.5 mM Tris, pH 6.7 for 1 
hour at 42°C. After being washed, the membrane was probed with 
1:500 dilution of a rabbit anti-penton polyclonal antibody (Wickham et al. 
(1993) Cell 73:309-319) for 1 hour, washed, probed with 1:5,000 goat 
30 anti-rabbit HRP conjugated antibody (Sigma-Aldrich) for 30 minutes, and 
washed again. The penton blot was developed as described above. 
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Each of the chimeric or truncated fiber-pseudotyped Ad particles 
contained similar amounts of fiber protein of the expected size. A 
comparison of the fiber immunoblots with penton base blots showed that 
similar amounts of each virus were analyzed. 
5 EXAMPLE 6 

Fiber Structure: Length and Rigidity Assessment 
Cryo-EM and single particle image reconstruction methods were 
used to visualize the Ad5s/Ad37s fiber protein incorporated into an Ad5 
pseudotyped virus particle. Small droplets (3/il) of a purified viral 

10 preparation of fiber pseudotyped Ad (Ad5s/Ad37s) {-200 ug/ml) were 
applied to glow-discharged holey carbon grids. The grids were blotted 
and vitrified in ethane slush chilled by liquid nitrogen (Adrian, etal., 
(1984) Nature 305:32-36). The frozen grids were transferred one at a 
time to a Gatan 626 cryo-transfer holder pre-chilled with liquid nitrogen or 

15 stored under liquid nitrogen. Electron micrographs were recorded using 
low dose conditions on a FEI/Philips CM120 transmission electron 
microscope equipped with a LaB 6 filament and a Gatan slow-scan CCD 
camera (YAG scintillator, 1024 by 1024 pixels). A nominal magnification 
of 35,000x was used, yielding a pixel size of 5.2 A on the molecular 

20 scale. Images were collected with defocus values of -1 .5, -1.0 and -0.7 
jjm to generate phase contrast. 

Particles were digitally selected from cryo-electron micrographs in 
360 by 360 pixel image files using the QVIEW software package (Shah, 
etal., (1998) J. Struct. Biol. 123: 17-21) and most of the further image 

25 processing was done using the IMAGIC-5 software package (van Heel, et 
at, (1996) J. Struct. Blot. 7/6:17-2440). Initial particle orientations were 
obtained using a previous reconstruction of Ad5 as the search model (van 
Raaij, etal., (1999) Nature 40/:935-93842). Once the initial orientations 
were obtained, each particle was reconstructed separately to determine if 

30 its fibers were straight enough to generate significant reconstructed fiber 
density. If the reconstruction based on a single Ad particle showed fiber 
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density above the background noise level and along more than 50% of 
the predicted fiber length, it was selected for inclusion in the data set of 
Ad particles with the straightest fibers. In this manner, 85 Ad particle 
images were selected from a total set of 1,236 particle images of the 
5 fiber-pseudotyped Ad (Ad5s/Ad37s). Seven out of 403 wild-type Ad5 
particle images were selected using the same criteria. Computational 
correction for the contrast transfer function (CTF) of the electron 
microscope was done prior to merging particle images collected with 
different defocus values as described in Chiu eta/., (1999) J. Virol. 

10 73:6759-6768. 

Incomplete correction of the CTF most likely explains why the fiber 
density is apparently disconnected from the penton base. Four rounds of 
anchor set refinement were performed with the selected set of particle 
images using a 1 0 angular search step size. This improved the resolution 

15 of the reconstructed capsid from 37 to 29 A. Although the icosahedral 
capsid density improved, the reconstructed fiber density did not improve 
with refinement. This observation implies that even the straightest fibers 
must not all be perfectly aligned along the icosahedral 5-fold axes. The 
unrefined reconstruction based on the selected 85 particle images were 

20 selected. 

The resolution of each reconstruction was assessed by the Fourier 
shell correlation method using the 0.5 correlation threshold criterion. 
"Soft" masks were applied to the two half-reconstructions in order to 
consider just the icosahedral capsid in the resolution assessment 
25 (Stewart, et at., (2000) Microsc Res Tech 43:224-232). All of the image 
processing and graphics were performed on Compaq/DEC alpha 
workstations. The graphics representations were generated with the AVS- 
5 software package (Advanced Visualization Systems, Inc., Waltham 
MA). 

30 In order to determine the significance of these findings, a statistical 

chi square analysis was performed. This test indicated a very small 
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probability, 0.0001, that the null hypothesis is true, i.e. that the fiber 
pseudotyped Ad particles and wild-type Ad5 particles have equally 
flexible fibers. A statistically significant number of pseudotyped Ad 
particles with Ad5s/Ad37s fibers are found with reasonably 'straight' 
fibers as compared with Ad5 wild-type particles. The cryo-EM analysis 
that the Ad5s/Ad37s fibers are less flexible than the wild-type Ad5 fibers 
and that the chimeric fibers probably can not bend with as large an angle 
as wild-type. 

In this combined reconstruction fiber density is apparent out to 359 
± 18 A from the penton base, which is close to the 331 ± 5 A reported 
for the Ad2 fiber in intact penton (Ruigrok, et a/., (1990) J. Mo/. Biol. 
275:589-596). The 5% error range in the length measurement is due to 
the error range of the microscope magnification value. The measured fiber 
length is roughly equivalent to that expected for the full length Ad5 fiber. 

EXAMPLE 7 
Infection Assay 

Infection assays using pseudotyped Ad vectors carrying a GFP 
transgene were performed. Briefly, 50,000 adherent A549 cells were 
incubated with 20,000 particles per cell vector for 3 hours at 37°C in 
DMEM, 10% FBS. Cells were washed three times with saline and 
cultured overnight in growth medium. Cells were detached and analyzed 
by fluorescence-assisted cell sorting (FACS) in a FACScan cytometer 
(Becton Dickenson, Franklin Lakes, NJ). A threshold established by the 
fluorescence of uninfected cells was used to distinguish infected cells 
expressing GFP. 

The results of the experiments show that Ad particles equipped 
with the Ad5 wild type fiber exhibited ~8 fold higher infection than 
viruses equipped with the Ad37 fiber. Particles displaying the Ad37 shaft 
fused to the Ad5 knob (Ad37s/Ad5k) or an Ad5 fiber lacking 14 repeats 
in the central shaft domain <Ad5As) had significantly reduced infectivity, 
demonstrating that the fiber shaft domain plays a crucial role in cell 
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infection. Further evidence was observed by placing the Ad37 knob on 
the Ad5 fiber shaft (Ad5s/Ad37k). This construct increased virus 
infectivity nearly to the level of wild type Ad5 fibers. The enhanced 
infectivity can be abolished by the addition of an excess of anti-CAR 
5 antibody (data not shown). Thus, these findings demonstrate that the 
repeats in the Ad5 fiber shaft are important for cell infection by Ad 
particles. 

Ad5 particles equipped with the chimeric Ad5s/Ad37s fiber were 
tested for the ability to support Ad infection. The results show that 
1 0 replacing the 3' d and 21 « ^-repeats of Ad5 with the corresponding regions 
in the more rigid Ad37 shaft abolished cell infection. Truncated Ad5 fiber 
(Ad5As) also exhibit reduced infectivity. These findings further 
demonstrate the importance of the 3rd and 21st repeats of the fiber shaft 
for cell infection. • 

1 5 EXAMPLE 8 

Virus Attachment Assay 

A virus attachment assay was performed to assess whether 
• modifications of the fiber shaft also altered virus attachment to cells. 
Cultured A549 cells were detached using 5 mM EDTA for 5 
20 minutes. Cells were resuspended in phosphate-buffered saline (PBS) and 
aliquoted to a density of 1 .0 x 10 6 cells per tube. 1 .0 x 10 9 particles of 
virus was added to tubes, and the tubes were rocked for 1 hour at 4°C to 
prevent internalization. Non-specific Ad binding was determined by the 
addition of an excess of recombinant Ad5 knob (100 pg/ml). Cells were 
25 pelleted by centrifugation and resuspended in PBS three times. Total 

sample DNA was extracted from cells and bound virus using the QIAamp 
DNA Mini Kit (Qiagen) as directed by the manufacturer's instructions. 

Five fA of each 200 //I DNA extract was added to a 4-5 //I reaction 
mixture containing 1X TaqMan Universal PCR Master Mix (Applied 
30 Biosystems, Foster City, CA), 300 nM 5' primer EGFP553f (SEQ ID No. 
29) and 3' primer EGFP810r (SEQ ID No. 30), 200 nM probe EGFP734p 
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(SEQ ID No. 31) and VIC-labeled RNase P Control Reagents (Applied 
Biosystems). EGFP primers and probes were designed to detect a 258 bp 
region in the EGFP transgene (Klein, etal.. (2000) Gene Therapy 7:458- 
463) in the Ad 5 vector genome while RNase P control reagents were 
designed to amplify a segment of the host cell genomic RNase P gene. 
After initial denaturation and activation of the AmpliTaq Gold DNA 
Polymerase by heating to 50°C for 2 minutes and then 95°C for 10 
minutes, the amplicons were amplified with 40 cycles of 15 seconds at 
95°C followed by 1 minute at 60°C. Fluorescence of reporter dyes FAM 
and VIC were measured during each cycle in an ABI Prism 7900 
Sequence Detection System (Applied Biosystems). Known amounts of 
PEGFP-N1 plasmid (Clontech. Palo Alto, CA), an EGFP expression 
plasmid. and purified cellular DNA were used as standards to measure the 
number of copies of Ad genomes and cell number in each sample. 

The results of the experiments testing virus attachment assay with 
pseudotyped virus particles show that Ad5 exhibits higher binding to 
A549 cells than Ad37 fiber-pseudotyped virus. Particles containing the 
truncated Ad5 knob (Ad5As) or the Ad37 shaft fused to the Ad5 knob 
(Ad37s/Ad5k) have reduced binding activity; whereas particles equipped 
with the Ad5 shaft fused to the Ad37 knob (Ad5s/Ad37k) have 
substantially increased cell attachment. Particles containing a 
'straightened' Ad5 fiber shaft with the 3rd and 21st repeats from Ad37 
(Ad5s/Ad37s) exhibit minimal specific cell attachment demonstrating that 
these two repeats are important for cell attachment as well as for cell 
infection. Increased cell attachment of (Ad5s/Ad37k) was competed by 
the Ad5 knob, indicating restoration of CAR bind.ing since Ad5 infection 
of A549 cells is CAR-dependent (Wu etal., (2001) Virology 279: 78-89). 

EXAMPLE 9 
Integrin Interaction 

Integrin binding to intact virus particles was determined as follows. 
Purified pseudotyped Ads were coated to wells of a 96-well plate 
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(Immulon 4 HBX; Dynex Techonologies, Chantilly, VA) overnight at room 
temperature. The wells were blocked with Superblock in PBS (Pierce). 
Virus-coated wells were first incubated for 2 hrs with varying amounts of 
soluble ov55 integrin (27). After washing, the virus-coated wells were 
5 incubated for 1 hr with 10 /yg/ml of a non-function-blocking anti-ov 
subunit monoclonal antibody (LM142) (kindly provided by D. Cheresh, 
TSRI, La Jolla, CA>. After additional wash steps, the wells were 
incubated with 1:10,000 goat anti-mouse HRP conjugated antibody for 1 
hr. The ELISA was developed with ABTS substrate and analyzed by 
10 measuring absorbance at 405 nm. 

The results showed that each of the different Ad particles exhibit 
similar levels of ov55 integrin binding indicating that fiber shaft 
modification does not interfere with the association of these secondary 
receptors. 

15 Example 10 

Modeling of Receptor Interactions 

Recent structural analyses have revealed a striking similarity in the 
structure of the adenovirus fiber protein and the sigma 1 protein of 
reovirus (Chappell, et a/., (2002) EMBO J. 27:1-1 17), the attachment 

20 protein for the reovirus receptor, JAM-1 (4). CAR and murine JAM 
(mJAM) share similarities in membrane-distal IgV domains and 
dimerization interfaces. Both are members of the immunoglobulin 
superfamily having two Ig-like ectodomains and are both located in tight 
junctions on host cells (Cohen, et a/., (2001) Proc Natl Acad Sci USA 

25 55:15191-15196; Martin-Padura, eta/., (1998) J. Cell Biol. 142AM-M1; 
Wickham (1993) Cell 73:309-319). 

Using TOP, a protein topological comparison program (Lu, G. 
(2000) J. Appl. Cryst. 53:176-183), the crystal structures of mJAM, CAR 
Dl dimer, the Ad12 knob-CAR D1 complex (Bewley, et a/., (1999) Science 

30 255:1 579-1 5836) and Ad2 knob plus four 5-repeats of the shaft (Raaij, et 
al., (2000) Structure 5:1 147-1 155.41) were successively aligned 
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together. Because membrane-distal domains of CAR and mJAM are IgV 
domains and are 23% identical, their 0-strands and secondary structures 
could be closely aligned. The resultant chimeric CAR-JAM molecule 
closely resembles the bent cryo-EM structure of human CAR bound to 
5 coxsackievirus B3 (He, eta/.. (2001) Nature Struc. Biol. 5:874-878). 
Lastly, the 41 % identical subgroup C Ad2 knob and shaft, with a nearly 
identicals-barrel tertiary structure, was easily aligned to the Ad12 knob. 
The entire fiber-CAR-mJAM complex was manually oriented to the cell 
surface, assuming that the two molecules from the CAR D1 dimer are 

10 equidistant to the planar cell surface. Electron density from a cryo-EM 
image reconstruction of an Ad5 vector pseudotyped with the Ad37 fiber 
(Chiu, etal., (2001) J. Virol. 75:5375-5380) was added over the crystal 
structure of the Ad2 knob and shaft and incorporated in the complex 
model. In the resulting model of the Ad37-CAR-host cell complex, the 

1 5 angle between the three-fold symmetry axis of the fiber shaft and the cell 
surface is approximately 20° and, in order to position the CAR binding 
surface of the Ad37 knob in contact with CAR, the model indicates a 
significant steric collision between Ad37 and the host cell membrane, 
with an overlap of roughly 300 A. Even if there is a moderately large 

20 deviation ( ± 30°) in the bend angles between the two CAR domains vs. 
the two mJAM domains, this would not completely alleviate the steric 
collision predicted between Ad37 and the host cell membrane. In order to 
avoid steric interference, the rigid Ad37 fiber would have to be oriented 
such that the angle between the three-fold symmetry axes of the fiber 

25 shaft and the cell surface was 60° or greater. This molecular model of the 
Ad37-CAR-host cell complex based on homology modeling as well as on 
X-ray crystallographic and cryo-EM structures explains why Ad37 fiber 
cannot support virus binding via CAR at the cell surface despite 
containing a CAR-binding sequence in its fiber knob. The steric 

30 constraints imposed by the cell surface and receptor orientation, 

therefore, play a significant role in alignment of fiber and CAR molecules. 
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SEQ Listing numbers for PI 237 





SEQ ID No. 


Sequence 




1 


L37 




2 


37s5k-3 


5 


3 


5k-5 




4 


fiber3 




5 


M-c1-f 




6 


M-c1-r 




7 


fiber5 


10 


8 


5s-3 




9 


5s37K-5 




10 


37fr 




11 


M-c2-f 




12 


M-c2-r 


15 


13 


short3 




14 


short5 




15 


rep3-3 




16 


rep3-5 




17 


rep7-3 


20 


18 


rep7-5 




19 


Mut4for 




20 


Mut4rev 




21 


PDV67 




22 


TPL 


25 


23 


GRE5-2.E1 




24 


pMNeoE2a-3.1 




25 


pBGHGIO primer 1 




26 


pBGHGIO primer 2 




27 


pDV76-1 primer 


30 


28 


pDV76-2 primer 
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• .a- -i 



5 



10 



15 



20 



25 



29 


EGFP-1 primer 


30 


EGFP-2 primer 


31 


EGFP probe 


32 


Ad2 fiber DNA 


33 


Ad2 fiber aa 


34 


Ad5 fiber DNA 


35 


Ad5 fiber aa 


36 


Ad37 fiber DNA 


37 


Ad37 fiber aa 


38 


Ad19p fiber DNA 


39 


Ad19p fiber aa 


40 


Ad9 fiber DNA 


41 


Ad9 fiber aa 


42 


Ad2 3rd repeat aa 


43 


Ad5 3rd repeat aa 


44 


Ad 3rd repeat 4 aas 


45 


Ad repeat consensus 


46 


Ad2 21st repeat aa 


47 


Ad 5 21st repeat aa I 


48 


Ad37 last (8th repeat) aa i 


49 


Ad last repeat consensus 

^ M *• wvi IwvMwUw 


50 


Ad5As DNA 


51 


Ad5As aa 


52 


Ad5s/Ad37k DNA 


53 


Ad5s/Ad37K aa I 


54 


Ad5s/Ad37s DNA 


55 


Ad5s/Ad37s aa 


56 


Ad37s/Ad5k DNA 


57 | 


Ad37s/Ad5k aa 
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58 


Ad37 3rd repeat 


59 


Ad 8 last repeat 


60 


Ad9 last repeat 


61 


Ad1 5 last repeat 


62 


aa 327-334 of penton 


63 


penton mut seq 


64 


TWLT (aa between shaft 
and knob) 


65 


KKTK (HSP site) 


66 


Ad8 3rd repeat 


67 


Ad9 3rd repeat 


68 


Ad 15 3rd repeat 


69 


PCR2.1 


70 


pCR2.1-Topo 
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WHAT IS CLAIMED IS: 

1 . A modified adenovirus fiber, comprising a modification to the 
fiber protein shaft, wherein the modification comprises a modification to a 
repeat corresponding to one or both of a third ^-repeat or a last full 

5 repeat, whereby binding of the fiber or of a viral particle containing such 
fiber to the coxsackie-adenovirus receptor (CAR) is reduced compared to 
the unmodified fiber. 

2. A modified adenovirus fiber, comprising a modification to the 
fiber protein shaft, whereby binding of the modified fiber to coxsackie- 

10 adenovirus receptor (CAR) is reduced or eliminated, 
wherein: 

the unmodified fiber binds the Coxsackie-Adenovirus Receptor 
(CAR); and 

the modification comprises a modification to a repeat corresponding 
15 to one or both of the third ^repeat or the last full fi- repeat of the shaft. 

3. A modfied fiber of claim 1 or 2, wherein the modified fiber 
binds to CAR with less than 50%, 40%, 30%, 20%, 10%, 5%, 1% of 
the binding affinity of the unmodified fiber. 

4. A modified adenovirus fiber of any of claims any of claims 1 - 
20 3, wherein the modified fiber is more rigid than the unmodified fiber. 

5. A modified adenovirus fiber of any of claims 1-4, wherein 
the modification is a mutation, deletion, insertion or replacement of at 
least one amino acid in the fiber shaft repeat corresponding to the third 
repeat. 

25 6. The modified adenovirus fiber of any of claims 1-5, wherein 

the unmodified fiber is a fiber of a serotype C adenovirus. 

7. The modified adenovirus fiber of claim 6, wherein the 
serotype C adenovirus is Ad2 or Ad 5. 
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8. The modified adenovirus fiber of any of claims 1 -7, wherein 
the modification is a modification of at least one amino acid in the fiber in 
the contiguous sequence of amino acids corresponding to the amino acid 
sequence set forth in SEQ ID No. 44. 

9. The modified adenovirus fiber of any of claims 1 -8, wherein 
the modification is a modification of at least one amino acid in the 
contiguous sequence of amino acids corresponding to the amino acid 
sequence set forth in SEQ ID No. 42 or 43. 

1 0. The modified adenovirus fiber of any of claims 1 -6, wherein 
the third ^-repeat is modified by replacing it with the corresponding repeat 
from a serotype D fiber shaft repeat sequence. 

11. The modified adenovirus fiber of claim 10, wherein the 
serotype D adenovirus is selected from the group consisting of Ad8, Ad9, 
Ad 15, Ad19p and Ad37. 

1 2. The modified adenovirus fiber of any of claims 1 -6, wherein 
the third ^-repeat is modified by replacing it with the corresponding repeat 
selected from the group consisting of SEQ ID Nos. 58, 66, 67 and 68. 

1 3. The modified adenovirus fiber of any of claims 1-12, wherein 
the modification is a mutation, deletion, insertion or replacement of at 
least one amino acid in a fiber shafts-repeat corresponding to the last full 
0 repeat and/or corresponding to the third 0 repeat. 

1 4. The modified adenovirus fiber of claim 1 3, wherein the 
unmodified fiber is a serotype C adenovirus fiber. 

1 5. The modified adenovirus fiber of claim 12, wherein the 
serotype C adenovirus is Ad2 or Ad5. 

1 6. The modified adenovirus fiber of claim 1 5, wherein the 
modification is a modification of at least one amino acid in a contiguous 
sequence of amino acids set forth in SEQ ID No. 46 or 47. 

17. The modified adenovirus fiber of any of claims 1-15, wherein 
the modification comprises replacement of the last full ^-repeat with a 
corresponding repeat sequence from a serotype D adenovirus fiber shaft. 
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18. The modified adenovirus fiber of claim 1 7, wherein the 
serotype D adenovirus is selected from the group consisting of Ad8, Ad9, 
Ad 15, Ad19p and Ad37. 

19. The modified adenovirus fiber of any of claims 13-18, 

5 wherein the modification is in the last full repeat comprises a change of at 
least one amino acid in the repeat at continugous amino acids 
corresponding to the amino acid sequence set forth in SEQ ID No. 49. 

20. The modified adenovirus fiber of any of claims 1 3-1 8, 
wherein the modification is in the last full repeat; and the last full repeat 

10 comprises a sequence of amino acids selected from the group consisting 
of SEQ ID Nos. 48, 59, 60 and 61 . 

21 . The modified adenovirus fiber of any of claims 1-7, wherein 
a contiguous sequence of amino acids corresponding to the third repeat 
of the fiber shaft is deleted. 

1 5 22. The modified adenovirus fiber of any of claims 1 -7, wherein 

a contiguous sequence of amino acids corresponding to the last full 
repeat of the fiber shaft is deleted. 

23. The modified adenovirus fiber fiber of any of claims 1 -7, 
wherein a continugous sequence of amino acids corresponding to the 

20 third repeat and the contiguous sequence of amino acids corresponding to 
the last full repeat are modified. 

24. The modified adenovirus fiber of claim 22 or claim 23, 
wherein the modification is a mutation, deletion, insertion or replacement 
of at least one amino acid in a fiber shaft repeat corresponding to the 

25 third repeat and/or the last full repeat. 

25. The modified adenovirus fiber of claim 24, wherein the 
unmodified fiber shaft is from a serotype C adenovirus. 

26. The modified adenovirus fiber of claim 25, wherein the 
serotype C adenovirus is Ad2 or Ad5. 
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27. The modified adenovirus fiber of claim 25, wherein the 
modified repeats corresponding to the third repeat and the last full repeat 
are from a serotype D adenovirus. 

28. The modified adenovirus fiber of claim 27, wherein the 

5 serotype D adenovirus is selected from the group consisting of Ad8, Ad9, 
Ad 15, Ad19p and Ad37. 

29. The modified adenovirus fiber of claim 25, wherein the third 

repeat comprises a sequence selected from the group consisting of SEQ 

ID Nos. 58, 66, 67 and 68 and the last full repeat comprises an amino 

10 acid sequence selected from the group consisting of SEQ ID Nos. 48, 59, 
60 and 61. 

30. The modified adenovirus fiber of claim 25, wherein the third 
repeat sequence is selected from a corresponding repeat sequence of a 
fiber protein from Ad8, Ad9, Ad15, Ad19p or Ad37; and the last full 

15 repeat is selected from a corresponding repeat sequence of a fiber protein 
from Ad8, Ad9, Ad1 5. Ad1 9p or Ad37. 

31. The modified adenovirus fiber of any of claims 1-30, wherein 
the modified adenovirus fiber further comprises at least one additional 
modification in the fiber protein, whereby the modified fiber binds to a 

20 receptor other than CAR with greater affinity than the unmodified fiber 
binds to such receptor. 

32. The modified adenovirus of any of claims 1-30, wherein the 

modified adenovirus fiber further comprises at least one additional 

modification in the fiber protein; and the modification is a modification in 

25 the fiber knob further reduces or eliminates any binding of the modified 
fiber to CAR. 

33. The modified adenovirus fiber of claim 31 or claim 32, wherein 
an additional modification is a modification of the Heparin Sulfate 
Proteoglycans (HSP) binding site in the fiber shaft. 

30 34. The modified adenovirus fiber of claim 3 1 or claim 32, 

wherein an additional modification is a modification in the fiber knob. 
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35. The modified fiber of any of claims 1 -34, wherein the fiber is 
shortened or it flexibility is reduced compared to the unmodified fiber. 

36. The modified adenovirus fiber of claim 34, wherein the fiber 
knob is replaced with a fiber knobs from an adenovirus that does not 

5 interact with CAR. 

37. The modified adenovirus fiber of claim 36, wherein the 
adenovirus fiber knob that does not interact with CAR is Ad3 fiber knob, 
Ad41 short fiber knob, or Ad35 fiber knob. 

38. The modified adenovirus fiber of claim 34, wherein fiber 
10 knob mutations are mutations in the AB loop or CD loop. 

39. The modified adenovirus fiber of claim 38, wherein fiber 
knob mutations are mutations in the AB loop or CD loop selected from 
K01 and K012. 

40. A modified adenovirus fiber, comprising a fiber protein, 
15 wherein: 

the unmodified fiber binds the Coxsackie-Adenovirus Receptor 

(CAR); 

the fiber protein comprises a modification to the fiber protein shaft 
such that binding of the modified fiber to CAR is substantially reduced or 
20 eliminated; 

the modified fiber comprises repeats corresponding to the third 
repeat and the last full repeat; and 

at least one repeat of the fiber shaft is deleted. 

41 . The modified adenovirus fiber of claim 40, wherein the repeats 
25 corresponding to repeats 4-1 7 are deleted. 

42. The modified adenovirus fiber of claim 40 or claim 41, wherein 
the fiber is from a serotype C adenovirus. 

43. The modified adenovirus fiber of claim 42, wherein the 
serotype C adenovirus is Ad2 or Ad5. 

30 44. The modified adenovirus fiber of claim 43, wherein the 

amino acids corresponding to positions 95-316 are deleted. 
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45. The modified adenovirus fiber of any of claims claim 1 -39, 
wherein the fiber protein is from a serotype A, B, C or F adenovirus; and 
at least one amino acid corresponding to the consensus repeat sequence 
as set forth in SEQ ID No. 49 is modified in the repeat corresponding to 
either the third repeat or the last full repeat. 

46. A nucleic acid molecule, comprising a sequence of 
nucleotides that encodes a modified fiber of any of claims 1-45. 

47. The nucleic acid molecule of claim 46 that comprises a 
vector. 

48. The nucleic acid molecule of claim 46 or claim 47 that 
comprises heterologous nucleic acid encoding a gene product. 

49. The nucleic acid molecule of of any of claims 46-48 that is 
an adenovirus vector. 

50. The nucleic acid molecule of claim 49 that is an adenoviral 
vector from a serotype C adenovirus. 

51 . The nucleic acid molecule of claim 49 or claim 50, wherein 
the heterologous nucleic acid encodes a therapeutic product. 

52. The nucleic acid molecule of any of claims 46-51 that is an 
early generation adenoviral vector, a gutless adenoviral vector or a 
replication-conditional adenoviral vector. 

53. The nucleic acid molecule of claim 52, wherein the 
replication-conditional adenoviral vector is an oncolytic adenoviral vector. 

54. A cell, comprising the nucleic acid of any of claims claim 46- 

53. 

55. The cell of claim 54 that is a eukaryotic cell. 

56. The cell of claim 54 that is a prokaryotic cell. 

57. A cell of claim 54 that is in a packaging cell line. 

58. An adenovirus particle, comprising the modified fiber of any 
of claims 1-45. 

59. The adenovirus particle of claim 58, wherein the capsid ' 
further comprises a penton modification 
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60. The adenovirus particle of claim 58 or claim 59, wherein the 
modified fiber includes an N-terminal portion from a fiber of a serotype C 
Ad virus, wherein the N-terminal portion is sufficient to increase 
incorporation into the particle compared to in its absence. 
5 61 . The adenovirus particle of any of claims 58-60, that 

comprises a modified serotype C genome, wherein the N-terminal portion 
of the modified fiber comprises at least the N-terminal 1 5, 1 6 or 1 7 amino 
acids of a serotype C fiber. 

62. The particle of claim 61 wherein the serotype C virus is an 
10 Ad2 or Ad5 virus. 

63. The adenoviral particle of any of claims 58-62 that further 
comprises a targeting ligand in the capsid. 

64. The adenovirus particle of any of claims 58-63 further, 
comprising a heterologous nucleic acid in the genome thereof. 

15 65. The adenovirus particle of claim 64, wherein the heterologous 

nucleic acid encodes a therapeutically effective product. 

66. The adenoviral particle of any of claims 58-65 that includes a 

modification to the capsid whereby binding of the viral particle to HSP is 

altered compared to a particle that expresses an unmodified capsid. 
20 67. The adenoviral particle of claim 66, wherein the capsid 

modification that alters HSP binding is in the fiber. 

68. An adenoviral particle of any of claims 58-67, comprising a 

mutation in the a v integrin-binding region of the capsid, whereby binding 

to the integrin is eliminated or reduced. 
25 69. The adenoviral particle of any of claims 58-68, wherein the 

fiber further comprises a modification in the fiber knob to further reduce 

any CAR binding. 

70. The adenoviral particle of claim 69, wherein a fiber knob 
modification is in the AB loop or CD loop. 
30 71 . The adenoviral particle of claim 70, wherein the fiber knob 

modification is selected from the group consisting of K01 and K012. 
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72. A composition formulated for administration to a subject, 
comprising the adenovirus particle of any of claims 58-71 . 

73. A method of detargeting an adenoviral vector, comprising 

reducing or eliminating the binding of an adenoviral particle to CAR by 

5 producing an adenoviral particle that expresses a modified fiber of any of 
claims 1-45. 

74. The method of claim 73, wherein the modified fiber increases 
the binding to the particular cell type compared to the unmodified fiber. 

75. The method of claim 73, wherein the modified fiber 

10 comprises at least two modifications such that the binding to a selected 
cell type is increased relative to the unmodified fiber. 

76. The method of claim 75, wherein the second modification 
comprises the addition of a targeting ligand in the capsid of the adenoviral 
particle. 

1 5 77. The method of claim 75, wherein the second modification 

comprises the replacement of the fiber knob or a portion thereof. 

78. A method, comprising introducing an adenoviral particle of 
any of claims 58-71 into cells; and introducing the cells into a subject in 
need of therapy. 

20 79. The method of claim 79, wherein the cells are immune cells 

or fibroblasts. 
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ABSTRACT 

Recombinant detargeted and retargeted adenovirus viral particles 
and vectors are provided. In particular, modified fibers for incorporation 
into adenovirus (Ad) particles and the resulting detargeted and retargeted 
particles are provided. Modified fibers from adenoviruses that bind to 
coxsackie-adenovirus receptor (CAR) in vivo contain modifications of 
repeats in the shaft. Viral particles that express such fibers exhibit 
reduced binding to CAR. 
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., A „ „ SEQUENCE LISTING 

<110> Wu # Eugene 

Nemerow, Glen R. 

Stewart, Phoebe 

<120> MODIFIED FIBER PROTEINS FOR EFFICIENT 
RECEPTOR BINDING 

<130> 22908-P1237 

<140> not assigned 
<141> 2003-06-01 

<160> 70 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 1 

tgtcttgaat ccaagatgaa gcgcgcccgc cccagcgaag atgacttc 48 

<210> 2 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 2 

tggagctggt gtggtccaca aagtgcgcgt gtcatattct gggttcca 48 

<210> 3 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 3 

actttgtgga ccacaccagc tcca 

24 

<210> 4 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 4 

cataacgcgg ccgcttcttt attcttgggc 30 

<210> 5 
<211> 42 
<212> DNA 

<213> Artificial Sequence 



-1- 



; M-* e> .».,:« u,,n ,cg « -iUS ftpj .1. .;!L C 3 



Provisional Application OTMr 

229084*1237 



<220> 

<223> primer 
<400> 5 

gtgctactaa acaattcctt cctggatcca gaatattgga ac 

<210> 6 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 6 

gttccaatat tctggatcca ggaaggaatt gtttagtagc ac 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 



<400> 7 

atgggatcca agatgaagcg cgcaagaccg 

<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 8 

tggtgtggtc cacaaagtta gcttatcatt 

<210> 9 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 



30 



30 



<400> 9 

aagctaactt tgtggaccac accagacaca tctccaaact gcacaatt 

<210> 10 
<2ll> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer "~ 
<400> 10 

aaacacggcg gccgctcttt cattcttg 

<210> 11 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> primer 
<400> 11 

ctttgtggac cacaccagac actagtccaa actgcacaat tgctc 45 

<210> 12 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 12 ' 
gagcaattgt gcagtttgga ctagtgtctg gtgtggtcca caaag 45 

<210> 13 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 13 

gcttaggtta acctcaagct ttttcttggt ttttttgaga ggtgggct 48 

<210> 14 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 14 d 

agcccacctc tcaaaaaaac caggaaaaag cttgaggtta acctaagc 48 

<210> 15 

<211> 72 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 15 ' 

agaglggc^g tt" 90 * 9 * 9 9 a 9 cctta 99 STtttacagtt aggcttccgg cctcgtccag 60 

<210> 16 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 16 

c?ggaaatat ^ 9taaaccc ta ^9ctcca ctgcaagtta atactgattc aaacataaac 60 

72 

<210> 17 
<2ll> 72 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 17 

ttctaggcca g tgtCaacc c ttctctt 3 c tcttacattt ataccaatgt tgtaatcaaa 60 

72 

<210> 18 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220>. 

<223> primer 
<400> 18 

gtallaaact aa 9 a 9 aa 999 ttgacatttg acaatgatgg tgccattaca 60 

72 

<210> 19 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 19 

ctggacgagg ccggcagcct aactgtaaac cctaaggc 38 

<210> 20 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 20 

gccttagggt ttacagttag gctgccggcc tcgtccag 38 

<210> 21 
<211> 7960 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> pDV67 
<400> 21 

H^ 9atCg9 9 a 9 atctccc gatcccctat ggtcgactct cagtacaatc tqctctQata 60 
ccgcatagtt aagccagtat ctgctccctg cttgEgtgtt gglggtcqct qlataa?aca iSo 
SgJSS a™ a ?tt aCa a " a ?? Ca ^ 9ct?gL?ga Sggg KEg 3! 
Sattoac ^ fct ^ c 9 atgtacgggc cagatatacg cgttgacatt 240 

gactattgac tagttattaa tagtaatcaa ttacggggtc attaqttcat aacccataha inn 

L" aC9 f aa « t «^Scc tggcSaccg cccaacgSc 360° 
attlf^ gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttrcc 420 
atcltlfqc* !S 98C tatttacggt aaactgccca cttggcagta cftcaagtgt tlo 
atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggccc qcctqqcatt 540 
tcgctatfac «K£ t £' t99 ?L Ctttc ctactlggca gtacaSc gta^tgtca III 
acflacqooa ^ 9tttt 99 c agtacatcaa tgggcgtgga Eagcgg£ttg 660 

acccacgggg atttccaagc ctccacccca ttgacgtcaa tgggagtttg ttttggcacc 720 
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aaaatcaacg ggactttcca aaatgtcgta aeaactccqc ecr a (-t-„=„,„ 
gtaggcgtgt acggtggqaq atctai-^I a =aa«ccgc cccattgacg caaatgggcg 780 
ctgcttlctg gclfatlfal Ittaatacqa ctSci?^ £" ctaact a 9agaal!cf 840 
gtttaaactt aagcttggta ccgtqctcqq at™^*? ?? agacccaa 9ctggctagc 900 
gggccagctg ttgWgag taltlcctc? gaaaagcggg caS?^? Ctgtct 9C9a 960 
tgtcagtttc caaaaacgag gaqqatttaa ? tft^f 99 , cat 9 a <=ttct gcgctaagat 1020 
gggtggccgc atccatctgg fcag^aaaga caa£ctttt? tZtlt* 99 * 9 at 9<=ctttga 1080 
acgacccgta gagggcgtEg gacaqcaact t™™^ 9ttgtcaagc ttggtggcaa 1140 
cgcgatcggc gcgctcctt^ Ic^lgatgt ttfqltqcfc SS 999 ** ^tttttgt 1200 
gccattcggg aaagacggtg Itgiqltcqt S ^ gtattcgcgc gcaacgcacc 1260 
tgtgcagggt gaclagglcl fcgctggtgg ctalctctcc Sa^ 90 ^ aacc 9 c 9gt 1320 
agcagaggcg gccgcccttg cglgaglall atqqcoataa o™ 99 ° 9C tc 9«ggtcc 1380 
ccggggggtc tgcgtccacg gLIa^cc! cqq^caqcaa I?!?^ 90 ******** 1440 
tcttgcatcc ttgcaagtct agcgcctqct affffo^ 2°9 0 9 0 9t°9 aagtagtcta 1500 
atgggttgag tggggglccc cltggcSgg qqtaqatafl 99 * 99Caa9C 9cgcgctcgt 1560 
aaatgtcgta aacgtigagg ggcEctctql a? ?S cgc ?9 a 99«J tacatgccgc 1620 
caccgcggat gctggcgcg? algtaatclt Itaohh™? 9 atatgtaggg tagcatcttc 1680 
gaccgaggtt ictlog^glg gg^gctlfg cttqqSal tit?? 939 ? 9 agga 99tcgg 1740 
gtgagttgga tgatatgqtt qqacactoof f„f"?? 9 tatctgcctg aagatggcat 1800 
ccgcgtcacg cacgaa^ag SSS5 SSSf* ? tgagaccta ll *<> 

cctgcacgtc tagggcgcag taqtccaaaa e?^*?^ 9ttgaccagc tcggcggtga 1920 
cctttttttt ccaclgltcg cglttgaqq! 9«tgtcatac ttatcctgtc 1980 

ggatcggaaa cccgtwgcl tccqalcqla 2E££2i C gcggtctttc cagtactctt 2040 
gagtccgcat cgaccggltc ggalaacctc tcqaqaaaoo ^f^ 9 g 9 acctg agc 2100 
caagatccaa gatgaagcgc glaagalcgt S^tf 9 *?^ aaCCa g tcacagtcg 2160 
atgacacgga aaccggtcct Icaactgtgc cttttfttac gtgtatccat 2220 

atgggtttca agagagtccc cctgggitlc tctctttaeo j£ fc " cttt 9tatccccca 2280 
cctccaatgg catgcttqcq ctcaaaa^™ ™== 9 ? cctatcc 9aa cctctagtta 2340 
accttacctl ccaaaat^ta accactgtgl S laaaaaafcc ******* 2400 
taaacctgga aatatctgca cccctcacaa Ff»^"„ caaaaaaacc aagtcaaaca 2460 
ccgcacctct aatggtcgcg ggcaacacal tcatcS* a ? ccctaact 9tggctgccg 2520 
tgcacgactc caaalttlgc altgccaccc aaqqaccc^ a ^ Caca 9?^ ccgctaaccg 2580 
tagccctgca aacatcaggc cccltcacca ccalcSatao * acagtgtca gaaggaaagc 2640 
cctcaccccc tctaactllt gccactggta gcttglgca? tqlcttof C actatcact 9 2700 
atacacaaaa tggaaaacta ggactaalgt fcgqggltcc Saca^a f 9CCcattt 27 «° 
taaacacttt gaccgtagca actgqtccaq atafo 9 ^ "tgcatgta acagacgacc 2820 
ctaaagttac tggafccttg ggttttgatt lacalqqcaa tttl^^l tccttgcaaa 2880 
gaggactaag gattgattc? Ilaaacfgac gccttf^ct tqaSa^ aa ^tagc a g 2940 
atgctcaaaa ccaactaaat ctaagacLg lacagjqccc tctt^tt^a aa^ 9 *" 9 3000 
acaacttgga tattaactac aacaaaggcc tttacttatt aactcagccc 3060 

aaaagcttga ggttaaccta agcactfcca aaoaattl^ ^^ 9Cttca aa caattcca 3120 
ccattaatgc aggagatggg cttqaaftta a?? 9 ~ ? ftttgacgct acagccatag 3180 
tcaaaacaaa aaEtggcII? ggcctSaa? ?taat^ aa tgcaccaaac acaaatcccc 3240 
taggaactgg ccttlgtttt gfcagclcaq gtqccattae ao 399 "" 9 g «cctaaac 3300 
ataagctaac tttgtggacc Icaclagctl latctcctaa ltltlt^ C aaaaataat 9 3360 
aagatgctaa actcactttg gtcttaacaa aato^f ctgtagacta aatgcagaga 3420 
cagttttggc tgttaaaggf Igtttggctc caa?a??tal V aaS * actt 9=tacagttt 3480 
ttattataag att t gac|L altggl?tgc tactaaacal a 9tgctcatc 3540 

attggaactt tagaaatgga gatlttlcEq aaao™ ttccttcctg gacccagaat 3600 
ttatgcctaa cctatcaglt fatccaaaa? ctcfcqqtll ^^ taC3aaC 9 ct 9«g 3 at 3660 
tcagtcaagt ttacttaaac ggagacaaaa SrM? aa ctgccaaa agtaacattg 3720 
acggtacaca ggaaacagga ffclcaactc caaqtoca?^ aacac * aacc a ttacactaa 3780 
actggtctgg ccacaacflc Itttatgaaa ta^tfcca^ ftro^?f Ca ttttcat 99 9 3840 
acattgccca agaataaaag aagcggccgc tcqaq?^^ atcctcttac actttttcat 3900 
gatcagcctc gactgtgccf tcuSc aqccftcta? ff 9 ?^ 09 " taaaccc 9ct 3960 . 
cttccttgac cctggaaggt gccactcccl ctotcc^fo tgt "9 cccc tcccccgtgc 4020 . 
catcgcattg tctgagtlfg tgtcattcta ttft™ C ^ taataaaa t gaggaaattg 4080 
agggggagga ttglglagll alta|caggc atqcfqqaaf t^l" 99 ca 99 a «9ca 4140 
ctgaggcgga aagaaccagc tgggictl?! qqoaa?!^ t9C9gt 999C tctatggctt 4200 
cattaagcgc ggcgggtgtg qEqq^tacao f.tfnflt ° C ccac 9c 9 ccc tgtagcggcg 4260 
tagcgccclc tlctttcgc? ftlttccctt IctttcS C9Cta = actt gccagcgcc? 4320 
gtcaagctct aaatcggggc atccctttaa tC ?f = ac 9«cgcc ggctttcccc 4380 

accccaaaaa acttgl??fg ggtgatgqt? clcSt™ ^ 9t ? Cttta c 99cacctcg 4440 
tttttcgccc tttgacgttl glgfcclcgt tct?taltf! f ccat ^ccc tgatagacgg 4500 
gaacaacact caaccctatc tcigtctaft ctttta^f? tg9actctt 9 ttccaaactg 4560 

ggcccatt cttttgattt ataagggatt ttggggattt 4620 
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cggcctattg gttaaaaaat gagctgattt 
gaatgtgtgt cagttagggt gtggaaagtc 
aaagcatgca tctcaattag tcagcaacca 
gcagaagtat gcaaagcatg catctcaatt 
cgcccatccc gcccctaact ccgcccagtt 
ttttttttat ttatgcagag gccgaggccg 
gaggaggctt ttttggaggc ctaggctttt 
ttttcggatc tgatcagcac gtgttgacaa 
ataatacgac aaggtgagga actaaaccat 
caccgcgcgc gacgtcgccg gagcggtcga 
ggacttcgtg gaggacgact tcgccggtgt 
cgcggtccag gaccaggtgg tgccggacaa 
ggacgagctg tacgccgagt ggtcggaggt 
gccggccatg accgagatcg gcgagcagcc 
ggccggcaac tgcgtgcact tcgtggccga 
cgattccacc gccgccttct atgaaaggtt 
ctggatgatc ctccagcgcg gggatctcat 
tattgcagct tataatggtt acaaataaag 
atttttttca ctgcattcta gttgtggttt 
ctgtataccg tcgacctcta gctagagctt 
gtgaaattgt tatccgctca caattccaca 
agcctggggt gcctaatgag tgagctaact 
tttccagtcg ggaaacctgt cgtgccagct 
a 99cggtttg cgtattgggc gctcttccgc 
cgttcggctg cggcgagcgg tatcagctca 
atcaggggat aacgcaggaa agaacatgtg 
taaaaaggcc gcgttgctgg cgtttttcca 
aaatcgacgc tcaagtcaga ggtggcgaaa 
tccccctgga agctccctcg tgcgctctcc 
gtccgccttt ctcccttcgg gaagcgtggc 
cagttcggtg taggtcgttc gctccaagct 
cgaccgctgc gccttatccg gtaactatcg 
atcgccactg gcagcagcca ctggtaacag 
tacagagttc ttgaagtggt ggcctaacta 
ctgcgctctg ctgaagccag ttaccttcgg 
acaaaccacc gctggtagcg gtggtttttt 
aaaaggatct caagaagatc ctttgatctt 
aaactcacgt taagggattt tggtcatgag 
tttaaattaa aaatgaagtt ttaaatcaat 
cagttaccaa tgcttaatca gtgaggcacc 
: catagttgcc tgactccccg tcgtgtagat 
ccccagtgct gcaatgatac cgcgagaccc 
aaaccagcca gccggaaggg ccgagcgcag 
ccagtctatt aattgttgcc gggaagctag 
caacgttgtt gccattgcta caggcatcgt 
attcagctcc ggttcccaac gatcaaggcg 
agcggttagc tccttcggtc ctccgatcgt 
actcatggtt atggcagcac tgcataattc 
ttctgtgact ggtgagtact caaccaagtc 
ttgctcttgc ccggcgtcaa tacgggataa 
gctcatcatt ggaaaacgtt cttcggggcg 
atccagttcg atgtaaccca ctcgtgcacc 
cagcgtttct gggtgagcaa aaacaggaag 
gacacggaaa tgttgaatac tcatactctt 
gggttattgt ctcatgagcg gatacatatt 
ggttccgcgc acatttcccc gaaaagtgcc 

<210> 22 
<211> 1240 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Adenovirus TPL 



aacaaaaatt taacgcgaat taattctgtg 4680 
cccaggctcc ccaggcaggc agaagtatgc 4740 
ggtgtggaaa gtccccaggc tccccagcag 4 80 0 
agtcagcaac catagtcccg cccctaactc 4860 
ccgcccattc tccgccccat ggctgactaa 4920 
cctctgcctc tgagctattc cagaagtagt 4980 
gcaaaaagct cccgggagct tgtatatcca 5040 
ttaatcatcg gcatagtata tcggcatagt 5100 
ggccaagttg accagtgccg ttccggtgct 5160 
gttctggacc gaccggctcg ggttctcccg 5220 
ggtccgggac gacgtgaccc tgttcatcag 5280 
caccctggcc tgggtgtggg tgcgcggcct 5340 
cgtgtccacg aacttccggg acgcctccgg 5400 
9tgggggcgg gagttcgccc tgcgcgaccc 5460 
ggagcaggac tgacacgtgc tacgagattt 5520 
gggcttcgga atcgttttcc gggacgccgg 5580 
gctggagttc ttcgcccacc ccaacttgtt 5640 
caatagcatc acaaatttca caaataaagc 5700 
gtccaaactc atcaatgtat cttatcatgt 5760 
ggcgtaatca tggtcatagc tgtttcctgt 5820 
caacatacga gccggaagca taaagtgtaa 5880 
cacattaatt gcgttgcgct cactgcccgc 5940 
gcattaatga atcggccaac gcgcggggag 6000 
ttcctcgctc actgactcgc tgcgctcggt 6060 
ctcaaaggcg gtaatacggt tatccacaga 6120 
agcaaaaggc cagcaaaagg ccaggaaccg 6180 
taggctccgc ccccctgacg agcatcacaa 6240 
cccgacagga ctataaagat accaggcgtt 6300 
tgttccgacc ctgccgctta ccggatacct 6360 
gctttctcaa tgctcacgct gtaggtatct 6420 
gggctgtgtg cacgaacccc ccgttcagcc 6480 
tcttgagtcc aacccggtaa gacacgactt 6540 
gattagcaga gcgaggtatg taggcggtgc 6600 
cggctacact agaaggacag tatttggtat 6660 
aaaaagagtt ggtagctctt gatccggcaa 6720 
tgtttgcaag cagcagatta cgcgcagaaa 6780 
ttctacgggg tctgacgctc agtggaacga 6840 
attatcaaaa aggatcttca cctagatcct 6900 
ctaaagtata tatgagtaaa cttggtctga 6960 
tatctcagcg atctgtctat ttcgttcatc 7020 
aactacgata cgggagggct taccatctgg 7080 
acgctcaccg gctccagatt tatcagcaat 7140 
aagtggtcct gcaactttat ccgcctccat 7200 
agtaagtagt tcgccagtta atagtttgcg 7260 
ggtgtcacgc tcgtcgtttg gtatggcttc 7320 
agttacatga tcccccatgt tgtgcaaaaa 7.380 
tgtcagaagt aagttggccg cagtgttatc 7440 
tcttactgtc atgccatccg taagatgctt 7500 
attctgagaa tagtgtatgc ggcgaccgag 7560 
taccgcgcca catagcagaa ctttaaaagt 7620 
aaaactctca aggatcttac cgctgttgag 7680 
caactgatct tcagcatctt ttactttcac 7740 
gcaaaatgcc gcaaaaaagg gaataagggc 7800 
cctttttcaa tattattgaa gcatttatca 7860 
tgaatgtatt tagaaaaata aacaaatagg 7920 
acctgacgtc 7960 
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<400> 22 

ggatccactc 
ctgaaaagcg 
gatattcacc 
gacaatcttt 
cttggcgatg 
gtttagctgc 
gtcgggcacc 
ggctacctct 
gaatggcggt 
cccgggcagc 
ctgccatgcg 

ggggtgggtg 

gagtattcca 
gtatagttcg 
tgctcggaag 
gaagacgttg 
gtcgcgcagc 
ggtttccttg 
gacaaactct 
agatccgtac 
tctcgagaaa 



tcttccgcat 
ggcatgactt 
tggcccgcgg 
ttgttgtcaa 
gagcgcaggg 
acgtattcgc 
aggtgcacgc 
ccgcgtaggc 

a gggggtcta 

aggcgcgcgt 
cgggcggcaa 
agcgcggagg 
agatatgtag 
tgcgagggag 
actatctgcc 
aagctggcgt 
ttgttgacca 
atgatgtcat 
tcgcggtctt 
tccgccgccg 
ggcgtctaac 



cgctgtctgc 
ctgcgctaag 
tgatgccttt 
gcttggtggc 
tttggttttt 
gcgcaacgca 
gccaaccgcg 
gctcgttggt 
gctgcgtctc 
cgaagtagtc 
gcgcgcgctc 
cgtacatgcc 
ggtagcatct 
cgaggaggtc 
tgaagatggc 
ctgtgagacc 
gctcggcggt 
acttatcctg 
tccagtactc 
agggacctga 
cagtcacagt 



gagggccagc 
attgtcagtt 
gagggtggcc 
aaacgacccg 
gtcgcgatcg 
ccgccattcg 
gttgtgcagg 
ccagcagagg 
gtccgggggg 
tatcttgcat 
gtatgggttg 
gcaaatgtcg 
tccaccgcgg 
gggaccgagg 
atgtgagttg 
taccgcgtca 
gacctgcacg 
tccctttttt 
ttggatcgga 
gcgagtccgc 
cgcaagatct 



tgttggggtg 
tccaaaaacg 
gcatccatct 
tagagggcgt 
gcgcgctcct 
ggaaagacgg 
gtgacaaggt 
cggccgccct 
tctgcgtcca 
ccttgcaagt 

a g fc gggggac 

taaacgtaga 
atgctggcgc 
ttgctacggg 
gatgatatgg 
cgcacgaagg 
tctagggcgc 
ttccacagct 
aacccgtcgg 
atcgaccgga 



agtactccct 
aggaggattt 
ggtcagaaaa 
tggacagcaa 
tggccgcgat 
tggtgcgctc 
caacgctggt 
tgcgcgagca 
cggtaaagac 
ctagcgcctg 
cccatggcat 

ggggctctct 

gcacgtaatc 

cgggctgctc 

ttggacgctg 
aggcgtagga 
agtagtccag 
cgcggttgag 
cctccgaacg 
tcggaaaacc 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1240 



<210> 23 
<211> 7607 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Plasmid GRE5-2.E1 



<400> 23 
- : tctagaagat 
ttctagctac 
gtacaggatg 
agatcgatct 
gcgcgttcgt 
aacttcaggg 
atgttatatg 
tatcaccatg 
ttgtctcctc 
ttgtaacgaa 
tcactttttt 
acaattgtta 
ggaaatattc 
tggttacaat 
ccctctgcta 
gttattgtgc 
actcggtcga 
ggccgccagt 
tagccatttt 
agatcccaac 
ggaagggatt 
ttcccggcag 
tgtaccggag 
ggatgaagag 
gtcttgtcat 
tatgaggacc 
agtggtgggt 
ttttgtattg 
gaaccggagc 
ccgacatcac 
tctaacacac 
gtgagagttg 
gggcaacctt 



ccgctgtaca 

tttattagat 

ttctagctac 

cctggccgtt 

cctcactctc 

tgagtttggg 

gagggggcaa 

gaccctcatg 

ttattttctt 

tttttaaatt 

ttcaaggcaa 

taattaaatg 

ttattggtag 

gatatacact. 

accatgttca 

tgtctcatca 

ctgaaaatga 

cttttggacc 

gaaccaccta 

gaggaggcgg 

gacttactca 

cccgagcagc 

gtgatcgatc 

ggtgaggagt 

tatcaccgga 

tgtggcatgt 

ttggtgtggt 

tgattttttt 

ctgcaagacc 

ctgtgtctag 

ctcctgagat 

gtgggcgtcg 

tggacttgag 



ggatgttcta 
ccgctgtaca 
tttattagat 

c ggggtcaaa 

ttccgcatcg 
gacccttgat 
agttttcagg 
ataattttgt 
ttcattttct 
cacttttgt.t 
tcagggtata 
ataaggtaga 
aaacaactac 
gtttgagatg 
tgccttcttc 
ttttggcaaa 
gacatattat 
agctgatcga 
cccttcacga 
tttcgcagat 
cttttccgcc 
cggagcagag 
ttacctgcca 
ttgtgttaga 
ggaatacggg 
ttgtctacag 
aatttttttt 
aaaaggtcct 
tacccgccgt 
agaatgcaat 
acacccggtg 
ccaggctgtg 
ctgtaaacgc 



gctactttat 

ggatgttcta 

ccgtgtacag 

aaccaggttt 

ctgtctgcga 

tgttctttct 

gtgttgttta 

ttctttcact 

gtaacttttt 

tatttgtcag 

ttatattgta 

atatttctgc 

atcctggtca 

aggataaaat 

tttttcctac 

gaattagatc 

ctgccacgga 

agaggtactg 

actgtatgat 

ttttcccgac 

ggcgcccggt 

agccttgggt 

cgaggctggc 

ttatgtggag 

ggacccagat 

taagtgaaaa 

ttaattttta 

gtgtctgaac 

cctaaaatgg 

agtagtacgg 

gtcccgctgt 

gaatgtatcg 

cccaggccat 



tagatccgct. 

gctactttat 

gatgttctag 

ggctataaaa 

gggccaggat 

ttttcgctat 

gaatgggaag 

ttctactctg 

cgttaaactt 

attgtaagta 

cttcagcaca 

atataaattc 

tcatcctgcc 

actctgagtc 

agctcctggg 

taagcttctg 

ggtgttatta 

gctgataatc 

ttagacgtga 

tctgtaatgt 

tctccggagc 

ccggtttcta 

tttccaccca 

caccccgggc 

attatgtgtt 

ttatgggcag 

cagttttgtg 

ctgagcctga 

cgcctgctat 

atagctgtga 

gccccattaa 

aggacttgct 

aaggtgtaaa 



gtacaggatg 
tagatccgct 
ctactttatt 

gggggtgggg 

cgatcctgag 

tgtaaaattc 

atgtcccttg 

ttgacaacca 

tagcttgcat 

ctttctctaa 

gttttagaga 

tggctggcgt 

tttctcttta 

caaaccgggc 

caacgtgctg 

cagctcgagg 

ccgaagaaat 

ttccacctcc 

cggcccccga 

tggcggtgca 

cgcctcacct 

tgccaaacct 

gtgacgacga 

acggttgcag 

cgctttgcta 

tgggtgatag 

gtttaaagaa 

gcccgagcca 

cctgagacgc 

ctccggtcct 

accagttgcc 

taacgagcct 

cctgtgattg 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 
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cgtgtgtggt taacgccttt gtttgctgaa 
ataatgttta acttgcatgg cgtgttaaat 
cgtgggctaa tcttggttac atctgacctc 
tctgctgtgc gtaacttgct ggaacagagc 
ctgtggggct catcccaggc aaagttagtc 
tttgaagagc ttttgaaatc ctgtggtgag 
gcgcttttcc aagagaaggt catcaagact 
gctgctgttg cttttttgag ttttataaag 
ggggggtacc tgctggattt tctggccatg 
aatcgcctgc tactgttgtc ttccgtccgc 
cagcagcagg aggaagccag gcggcggcgg 
ggcctggacc ctcgggaatg aatgttgtac 
gcattttgac aattacagag gatgggcagg 
cttgtgaggc tacagaggag gctaggaatc 
ctgagtgtat tacttttcaa cagatcaagg 
cgcagaagta ttccatagag cagctgacca 
aggaggctat tagggtatat gcaaaggtgg 
gcaaacttgt aaatatcagg aattgttgct 
tagatacgga ggatagggtg gcctttagat 
ttggcatgga cggggtggtt attatgaatg 
cggttttcct ggccaatacc aaccttatcc 
atacctgtgt ggaagcctgg accgatgtaa 
ggaagggggt ggtgtgtcgc cccaaaagca 
ggtgtacctt gggtatcctg tctgagggta 
actgtggttg cttcatgcta gtgaaaagcg 
gcaactgcga ggacagggcc tctcagatgc 
tgaagaccat tcacgtagcc agccactctc 
tactgacccg ctgttccttg catttgggta 
gcaatttgag tcacactaag atattgcttg 
acggggtgtt tgacatgacc atgaagatct 
ccaggtgcag accctgcgag tgtggcggta 
atgtgaccga ggagctgagg cccgatcact 
gctctagcga tgaagataca gattgaggta 
gaaagaatat ataaggtggg ggtcttatgt 
ccgccatgag caccaactcg tttgatggaa 
tgcccccatg ggccggggtg cgtcagaatg 
tcctgcccgc aaactctact accttgacct 
ctgcagcctc cgccgccgct tcagccgctg 
ttgctttcct gagcccgctt gcaagcagtg 
agttgacggc tcttttggca caattggatt 
agcagctgtt ggatctgcgc cagcaggttt 
cggtttaaaa cataaataaa aaaccagact 
gctgtctcag ctgactgctt aagtcgcaag 
ttaaagcaga acttgtttat tgcagcttat 
aatttcacaa ataaagcatt tttttcactg 

: aatgtatctt atcatgtctg gtcgactcta 
ctgcgctcgg tcgttcggct gcggcgagcg 
ttatccacag aatcagggga taacgcagga 
gccaggaacc gtaaaaaggc cgcgttgctg 
gagcatcaca aaaatcgacg ctcaagtcag 
taccaggcgt ttccccctgg aagctccctc 
accggatacc tgtccgcctt tctcccttcg 
tgtaggtatc tcagttcggt gtaggtcgtt 
cccgttcagc ccgaccgctg cgccttatcc 
agacacgact tatcgccact ggcagcagcc 
gtaggcggtg ctacagagtt cttgaagtgg 
gtatttggta tctgcgctct gctgaagcca 
tgatccggca aacaaaccac cgctggtagc 

. acgcgcagaa aaaaaggatc tcaagaagat 
cagtggaacg aaaactcacg ttaagggatt 
acctagatcc ttttaaatta aaaatgaagt 
acttggtctg acagttacca atgcttaatc 
tttcgttcat ccatagttgc ctgactcccc 
ttaccatctg gccccagtgc tgcaatgata 
ttatcagcaa taaaccagcc agccggaagg 



tgagttgatg taagtttaat aaagggtgag 2040 
ggggcggggc ttaaagggta tataatgcgc 2100 
atggaggctt gggagtgttt ggaagatttt 2160 
tctaacagta cctcttggtt ttggaggttt 2220 
tgcagaatta aggaggatta caagtgggaa 2280 
ctgtttgatt ctttgaatct gggtcaccag 2340 
ttggattttt ccacaccggg gcgcgctgcg 2400 
gataaatgga gcgaagaaac ccatctgagc 2460 
catctgtgga gagcggttgt gagacacaag 2520 
ccggcgataa taccgacgga ggagcagcag 2580 
caggagcaga gcccatggaa cccgagagcc 2640 
aggtggctga actgtatcca gaactgagac 2700 
ggctaaaggg ggtaaagagg gagcgggggg 2760 . 
tagcttttag cttaatgacc agacaccgtc 2820 
ataattgcgc taatgagctt gatctgctgg 2880 
cttactggct gcagccaggg gatgattttg 2940 
cacttaggcc agattgcaag tacaagatca 3000 
acatttctgg gaacggggcc gaggtggaga 3060 
gtagcatgat aaatatgtgg ccgggggtgc 3120 
taaggtttac tggccccaat tttagcggta 3180 
tacacggtgt aagcttctat gggtttaaca 3240 
gggttcgggg ctgtgccttt tactgctgct 3300 
gggcttcaat taagaaatgc ctctttgaaa 3360 
actccagggt gcgccacaat gtggcctccg 3420 
tggctgtgat taagcataac atggtatgtg 34 80 
tgacctgctc ggacggcaac tgtcacctgc 3540 
gcaaggcctg gccagtgttt gagcataaca 3600 
acaggagggg ggtgttccta ccttaccaat 3660 
agcccgagag catgtccaag gtgaacctga 3720 
ggaaggtgct gaggtacgat gagacccgca 3780 
aacatattag gaaccagcct gtgatgctgg 3840 
tggtgctggc ctgcacccgc gctgagtttg 3900 
ctgaaatgtg tgggcgtggc ttaagggtgg 3960 
agttttgtat ctgttttgca gcagccgccg 4020 
gcattgtgag ctcatatttg acaacgcgca 4080 
tgatgggctc cagcattgat ggtcgccccg 4-140 
acgagaccgt gtctggaacg ccgttggaga 4200 
cagccaccgc ccgcgggatt gtgactgact 4260 ; 
cagcttcccg ttcatccgcc cgcgatgaca 4320 
ctttgacccg ggaacttaat gtcgtttctc 4380 . 
ctgccctgaa ggcttcctcc cctcccaatg 4440 
ctgtttggat ttggatcaag caagtgtctt 4500 
ccgaattgga tccaattcgg atcgatctta 4560 
aatggttaca aataaagcaa tagcatcaca 4620 
cattctagtt gtggtttgtc caaactcatc 4680 
gactcttccg cttcctcgct cactgactcg 4740 
gtatcagctc actcaaaggc ggtaatacgg 4800 
aagaacatgt gagcaaaagg ccagcaaaag 4860 
gcgtttttcc ataggctccg cccccctgac 4920 
aggtggcgaa acccgacagg actataaaga 4980 
gtgcgctctc ctgttccgac cctgccgctt 5040 
ggaagcgtgg cgctttctca tagctcacgc 5100 
cgctccaagc tgggctgtgt gcacgaaccc 5160 
ggtaactatc gtcttgagtc caacccggta 5220 
actggtaaca ggattagcag agcgaggtat 5280 
tggcctaact acggctacac tagaaggaca 5340 
gttaccttcg gaaaaagagt tggtagctct 5400 
ggtggttttt ttgtttgcaa gcagcagatt 5460 
cctttgatct tttctacggg gtctgacgct 5520 
ttggtcatga gattatcaaa aaggatcttc 5580 
tttaaatcaa tctaaagtat atatgagtaa 5640 
agtgaggcac ctatctcagc gatctgtcta 5700 
gtcgtgtaga taactacgat acgggagggc 5760 
ccgcgagacc cacgctcacc ggctccagat 5820 
gccgagcgca gaagtggtcc tgcaacttta 5880 
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tccgcctcca tccagtctat taattgttgc cgggaagcta gagtaagtag ttcgccagtt 5940 
aatagtttgc gcaacgttgt tgccattgct acaggcatcg tggtgtcacg ctcgtcgttt 6000 
ggtatggctt cattcagctc cggttcccaa cgatcaaggc gagttacatg atcccccatg 6060 
"fS? ZSESSS f = cttc 99t cctccgatcg ttgtcagaag taagttggcc 6120 
gcagtgttat cactoatggt tatggcagca ctgcataatt ctcttactgt catgccatcc 6180 
gtaagatgct tttctgtgac tggtgagtac tcaaccaagt cattctgaga atagtgtatq 6240 
cggcgaccga gttgctcttg cccggcgtca atacgggata ataccgcgcc acatagcagl 6300 
SSSiffS 9 ^ tCat ^ fc ^aaacgt tcttcggggc gaaaactctc aaggatctta 6360 
ccgctgttga gatccagttc gatgtaaccc actcgtgcac ccaactgatc ttclgcatct 6420 
tttactttca ccagcgtttc tgggtgagca aaaacaggaa ggcaaaatgc cgcaaaaaag 6480 
ggaataaggg cgacacggaa atgttgaata ctcatactct tcctttttca atattattga 6540 
«S™£ C a 999" a "g tctcatgagc ggatacatat ttgaatgtat ttagaaaaat 6600 
-aaacaaatag gggttccgcg cacatttccc cgaaaagtgc cacctgacgt ctaagaaacc 6660 
aeatt™ a ° ctataaaaat aggcgtatca cgaggcccct ttcgfctcgc 6720 

?^" C ? 9t 9 at 9 a C99tg aaaacctctg acacatgcag ctcccggaga cggtcacagc 6780 
ttgtctgtaa gcggatgccg ggagcagaca agcccgtcag ggcgcgtcag cgggtgttgq 6840 
rl?l^ 9 ? " Ct ?9«ta actatgcggc atcagagcag attgtlctgl gfgilgcaccl 6900 
*lfZf 9 * ? aa ? Lta ^ cgc a cagatgcgt aaggagaaaa taccgcatca ggaaattgta 6960 
agcgttaata ttttgttaaa attcgcgtta aatttttgtt aaatcagctc attttttiac 7020 
caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga gataqqqttq 7080 
agtgttgttc cagtttggaa caagagtcca ctattaaaga acgtggactc caacltcaal 7140 
gggcgaaaaa ccgtctatca gggcgatggc ccactacgtg aaccatcacc ctaatcaaqt 7200 
tttttggggt cgaggtgccg taaagcacta aatcggaacc ctaaagggag cccccgattt 7260 
o™^2 a f 9999 aa f9cc ggcgaacgtg gcgagaaagg aagggaagaa agcgaaagga 7320 
gcgggcgcta gggcgctggc aagtgtagcg gtcacgctgc gcgtaaccac cacacccgcc 7380 
gcgcttaatg cgccgctaca gggcgcgtcc cattcgccat tcaggctgcg caactqttqq 7440 
gaagggcgat cggtgcgggc ctcttcgcta ttacgccagc tggcgaaagg gggatgtgct 7500 
^ aa ^? c 9 a t taagttgggt aacgccaggg ttttcccagt cacgacgttg taaaacgacg 7560 
gccagtgaat tgtaatacga ctcactatag ggcgaattaa ttcgggg 7607 



<210> 24 
<211> 11600 
<;212> DNA 

<213> Artificial Sequence 
<220> 

<223> Plasmid pMNNeoE2-a-3 . 1 



<400>. 24 

gaattccgca ttgcagagat attgtattta agtgcctagc tcgatacaat aaacgccatt 60 
tgaccattca ccacattggt gtgcacctcc aagcttgggc agaaatggtt gaactcccga 120 
gagtgtccta cacctagggg agaagcagcc aaggggttgt ttcccaccaa ggacgacccg 180 
tctgcgcaca aacggatgag cccatcagac aaagacatat tcattctctg ctgcaaactt 240 
??"^ a H" C t9 ^"?f ct ?g99ctattg ggggaagttg cggttcgtgc tcgcagggct 300 
ctcacccttg actcttttaa tagctcttct gtgcaagatt acaatccaaa caattcggag 360 
aactcgacct tcctcctgag gcaaggacca cagccaactt cctcttacaa gccgcatcqa 420 
ttttgtcctt cagaaataga aataagaatg cttgctaaaa attatatttt taccaataaq 480 
9 ^ aa ^? aa ta gg ta 9 att attagttact atgttaagaa atgaatcatt atcttttagt 540 
a ^ a ~~^ a ctcaaattca gaagttagaa atgggaatag aaaatagaaa gagacgctca 600 
acctcaattg aagaacaggt gcaaggacta ttgaccacag gcctagaagt aaaaaaggga 660 
aaaaagagtg tttttgtcaa aataggagac aggtggtggc aaccagggac ttataqqqqa 720 
► aca ? accaac agatgccccc ttaccatata caggaagata tgacttaaat 780 
tgggataggt gggttacagt caatggctat aaagtgttat atagatccct cccttttcqt 840 
fh aa ! a ^ tC9 cca ? a 9 c tag acctccttgg tgtatgttgt ctcaagaaga aaaagacgac 900 
atgaaacaac aggtacatga ttatatttat ctaggaacag gaatgcactt ttggggaiag 960 
citoo^ 3 ^ c " ag ? a 999 gacagtggct ggactaatag aacattattc tgcaaaaact 1020 
.ohl!^? 3 ? tta " at 9a atagccttta ttggcccaac cttgcggttc ccagggctta 1080 

tggttacaaa ctgttcttaa aacgaggatg tgagacaagt ggtttcctga 1140 
^of!^? 9 ^ atcaaa 99 c tctgatctga gctctgagtg ttctattttc ctatgttcEt 1200 
^?? aa " ta tccaaatctt atgtaaatgc ttatgtaaac caagatataa aagagtgctg 1260 
attttttgag taaacttgca acagtcctaa cattcacctc ttgtgtgttt gtgtctqttc 1320 
gccatcccgt ctccgctcgt cacttatcct tcactttcca gagggtcccc ccgcagaccc 1380 

caggtcggcc gactgcggca gctggcgccc gaacagggac cctcggataa 1440 
aacS^ 9 . tctctatttc tactatttgg tgtttgtctt gtattgtctc tttctEgtct 1500 
ggctatcatc acaagagcgg aacggactca ccatagggac caagctagcg cttctcgtcg 1560 
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cgtccaagac cctcaaagat ttttggcact tcgttgagcg aggcgatatc agqtafcqaca 1620 
gcgccctgcc gcaaggccag otgcttgtcc gctcggctgc ggttggcacq qcfaaafa^ ifi«o 
ggtatcttgc agttttggaa aaagatgtga taggtggcla Icacltctgg cacqqcaalt 17« 
acggggtaga agttgaggcg cgggttgggc tcgcatgtgc Igttttct?g gcgt?tqqaa 1800 
ggtacgcgcg gtgagaatag gtggcgttcg taggcaaggc tgacatccg? ?a?qqcqlaa lllo 
ggcacatcgc tgcgctcttg caacgcgtcg cagataatgg cgcactggcg ctglaqatac 1920 
ttcaacagca cgtcgtctcc cacatctagg tagtcgccat gSctttcgtc ccfccqccca Ilia 
acttgttcct cgtttgcctc tgcgttgtcc tggtcttgct ftttatcctc tqttqqtac? 2o!o 
gagcggtcct cgtcgtcttc gcttacaaaa crtgggtlct gctcgataat cacEtlctcc 2?oo 
tcctcaagcg ggggtgcctc gacggggaag gtggtaggcg cgttggcggc atcqqtoqaa 2160 
St?S TntT* 9 * ^^^tt aggctgllcf tlttrtcf^ Salt^cltl 2220 
atctttttct gcctatagga gaaggaaatg gccagtcggg aagaggaqca qlacaaaaor Utr, 
acccccgagc gcggacgcgg tgcggcgcga cgtccccll ccltglagg* cgtqtcqtcc llll 
ccgtcoccgt cgccgccgcc tccccgggcg cccccaaaaa agcggltglg glgSatc 24oS 
gagtccgagg acgaggaaga ctcatcacaa gacgcgctgg tgclgcgcac acclaqccca Itel 
cctcggcggc ggatttggcc attgdccll afaalalaaa gaagcgccc? 2520 
tctcccaagc ccgagcgccc gccatcacca. gaggtaatcg tggacagcga Iqalqfalaa 2580 
gaagatgtgg cgctacaaat ggtgggtttc agcaacocac cggtgctaft caagcatqqc llll 
aaaggaggta agcgcacagt gcggcggctg aatgaagacg a8lclgtggc gcg?qqtl?a 2700 
cggacgcaag aggaagagga agagcccagc gaagcggaaa gtgaalttlc qq?qa?aaa? llll 
t^altttf gtctgcgtgg gaglalggca tggaggctgc Uglg^ctg 2B20 

?K Sec SS8S 3SSS «S 
3SS SS SS2S23 -S»SS£SS ~J 

2SSS 5SSBK =SBB S5SE sfc'H 

gagcagtcta gcaaggccaa gatcgtgaag. aaccqgtgqq qccaaaata? 'SSoSa?? ™ 
^ a «? acgcaaggtg ctgcStJc-I gacgS? Itc^ggccaa .ffi 3300 
ggcaagtctt gcggcatgtt cttctctgaa ggcgcaaagg ctcaggtggc ttttaaqcaa 3360 
atcaaggctt ttatgcaggc gctgtatcct aacgcccail ccggScacgg tcacctttta 3420 

f3*aW9 caactcaaag cctgggcacg cgcccttt?? gggaaggcag 3480 
ctaccaaagt tgactccgtt cgccctgagc aacgcggagg acctggacgc iqltctqatc 3540 
tccgacaaga gcgtgctggc cagcgtgcac cacccggcgc tgatigtgEt ccaqtoctoc lltl 
aaccctgtgt atcgcaactc gcgcgcgcag ggcggagglc cLactglga cttlaEta 3660 

acct 9^aaa cgcgttggtg atgglglgca gcctgtjgfg tgaaaacttc 3720 
accgagctgc cgcggatggt tgtgcctgag tttaagtgga gcactaaicl ccaqtatcac 3780 
aacgtgtccc tgccagtggc gcatagcgat gcgcgiclla Icccctttga ttt?taaacq llll 
gcgcagacgg caagggtggg ggtaaataat cacccgaglg tgtacaaafa aaagcatttl lltl 
cctttattga aagtgtctct agtacattat ttttacaEgE ttttcaagtg acafaaaaal 3960 

ctqSqct X2£S aCtgt93Ct 9 "SB-gti gcgagtgg^ ctccagglaj 4020 
ctgtagagct gttcctggtt gcgacgcagg gtgggctgta cctggggact attoaacato an«« 
SSSS. r CC9 ? taat aa ^ttcatg gtSlgttgt gatccafggg agSggggl «40 
cagttggcaa aggcgtggag aaacatgcag cagaatagtc cacaaacaac cLofS I™« 
ccctgtacgc tttgggtgga cttttccagc gttataclgc ggtcg|gqga agaaqcaalq 4260 
gcgctacggc gcaggagtga ctcgtactca aactggtala «tgl??pg tcgctggtcl 4320 
I*** 9 ? C ? a a 999 ctcaaa 9aggtagcat gtttttgagt gcgigttld gglaalqqcc 4^0 
tataof«f= a C 9 ccccca 9 fc ctcgcgaccg gccgtattga otlllgcgca ggcgagcttg till 
rllff.tlt = aaa 9 cct 99 aaagcgcttg tcataggtgc ccaaaialta tiglccaca! 4500 
«^I at ^ t tS^tggc tttcagttcc tgctcactig agcccatggc gglaqctq^t ^eS 
fcaS^ 9 C "9 cttctt tatgttgtgg cgttgccggl cfagaagglc ItgcgcSgt 4620 
S C 9 at 9 ac 9ccg cggtgcggcc ggtgcacacg gaclaci?ca aagacttlfa 46sS 
acaaaacata aagaagggtg ggctcgtcca tgggatccat atatagigcc cgigttatat 47^0 
aattoo^I! tc ? ac «<=9a 939atctttg tgaaggaacc ttacttctgt ggtgtgacat 4800 
aa " 99a " a fctacctaca gagatttaaa gctctaaggt aaatataaaa tttHtaaqtq 4860 
qqaacaotal f tctaatt 9 tttgtgtlft ttagattcca acctatg^af till 
Zlltlf Z 9 9gagcagtgg tggaatgcct ctaatgagga aaacctgttt tgctcaqaaa 4980 

«SS SSS32 S5SS5 SSSSS SESSfe SsS 

I =F : -"-» =e 2sss : 

SEE EES SSSSS EES =233 SS 
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aatgcaattg ttgttgttaa cttgtttatt gcagcttata atggttacaa ataaaqca^ 
agcatcacaa atttcacaaa taaagcattt ttttcactgc attltagttg ?gqttto?« III* 
aaactcatca atgtatctta tcatgtctqq atccaactat aoaa^hn^ ^ggcttgtcc 5580 
tgtggaaagt ccccaggctc cccafcag^ agaagtatfc flaSqca tc^*?" l? n ° n 
tcagcaacca ggtgtggaaa gtccccagqc tccclaacaa acaaS ^ctcaattag 5700 

£2££t a9tC39Caac "atagtc^g cccctaactc IgcIcaScc Icccc?aac? I2S 
ccgcccagtt ccgcccattc tccgccccat qqctqactaa ttttttti-;,^ 9?ccctaact 5820 
gccgaggccg cctcggcctc tgagctattc cagalgtagt gagqaqqcS tt^o* 9 * 9 11*° 
ctaggctttt gcaaaaagct tcacgctgcc qcaaqcactc Inll^-tll ""ggaggc 5940 

was S33ss ™ ™ ISSI Si £ 
S3 i~ iSi S3 !3| « is 

gatcgtttcg catgattgla caagatgga 9 ^cacgcaqg SSccqqcc Sao?* 9 £22 
agaggctatt cggctatgac tgggcacaac aqacaltcqq ctactr?!-^ 9 ctt 999 t SST 6360 

S2SSE ssss ~ ~ I I I gg ;is 

SSSS K3KS SKS3 ?i™ ~S 

="S C 9ttttccggg Iclccggcfl gatgatc^tc cagcgcggg| atcStgc? 72 6 S 
ggagttcttc gcccaccccg ggctcqatcc cctcacoaah t-r^^t^S ac cccatgct 7260 

|SiSIS3iSlIll|g| 

siiliiiliPSiil, 

JKSE ssss IS EH IF" ? -~ - 

SSSS "'"""5 S£SS£ isiss ?sss 

KKScttt SSSS* ES^i*" "eS 

cagcccacaa atgtcaaclj laglaacata caaqSatca 9 t9Ct 99taaa 8520 

accctgctca tcaagaagci ctltggtSc tqtqttlata IfSJSS 3 a 999 cccaac "80 
attttcccca cctgHgtagg ttlciaaa?a tlJf^SSf atgtgcaaaa caggaggcac 8640 

iiiiii=iiiriiigi 

ssss ssbs s~ i «~ =s= - 

SS3KS 3KB SSSB IP"' SS 85 255SS 55! 

taaatacatt caiatatata t™? 33 ? gt ^9cggaa cccctatttg tttatttttc 9180 

sssss i I ~« ssss asss sa 

a as acccc gccttcctgt ttttgctcac ccagaaacgc tggtgaaagt aaaagatgct 9360 
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gaagatcagt tgggtgcacg agtgggttac atcgaactgg atctcaacag cggtaaqatc 9420 
cttgagagtt ttcgccccga agaacgtttt ccaatgatga gcacttttaa agttctgcta 9480 
tgtggcgcgg tattatcccg tgttgacgcc gggcaagago aactcggtcg ccgcatlcac 9540 
tattctcaga atgacttggt tgagtactca ccagtcacag aaaagcatct tacggatggc 9600 
atgacagtaa gagaattatg cagtgctgcc ataaccatga gtgataacac tgcggccllc 9660 
ttacttctga caacgatcgg aggaccgaag gagctaaccg cttttttgca caacatgggq 9720 
gatcatgtaa ctcgccttga tcgttgggaa ccggagctga atgaagccat accaaacgac 9780 
gagcgtgaca ccacgatgcc tgcagcaatg gcaacaacgt tgcgcaaact attaactggc 9840 
gaactactta ctctagcttc ccggcaacaa ttaatagact ggatggaggc ggataaagtt 9900 
gcaggaccac ttctgcgctc ggcccttccg gctggctggt ttattgclga Saaatctgga 9960 
SSJSSi f*??* ctc * ^tatcatt gcagcactgg ggccagatgg taagccctcc 10020 
£££££2 t Z a °t C 9 a ?99ggagt caggcaacta tggatgaacg aaatagacag 10080 
ttrt^ttt ta S9t9«tc actgattaag cattggtaac tgtcagacca agtttactc! 10140 
eftSf^^ f?^ 9 ^" aaaacttcat ttttaattta aaaggatcta ggtgaagatc 10200 
Ittlt 93 atctca t9 ac caaaatccct taacgtgagt tttcgttcca c?gagcgtca 10260 
gaccccgtag aaaagatcaa aggatcttct tgagatcctt tttttctgcg cgtaatctgc 10320 
tgcttgcaaa caaaaaaacc accgctacca gcggtggttt gtttgccgga tcaagagcta 10380 
ccaactcttt ttccgaaggt aactggcttc agcagagcgo agatlcclla tactgtlctt 10440 
ctagtgtagc cgtagttagg ccaccacttc aagaactctg tagcaccgcc tacatacctc 10500 

tcctq " a ^ agtggctgct gccagtggcg ataagtcgtg tcttaccggg 10560 
tltirt,^ 9 ac S a tagtt accggataag gcgcagcggt cgggctgaac ggggggttlg 10620 
tgcacacagc ccagcttgga gcgaacgacc tacaccgaac tgagatacct acagcgtgai 10680 
^? a9 . aaa g c 9 ccac 9 ct tcccgaaggg agaaaggcgg acaggtatcc ggtaagcggc 10740 
S^ 9 ? 33 ca 99agagcg cacgagggag cttccagggg gaaacgcctg gtatctttat 10800 
agtcctgtcg ggtttcgcca cctctgactf gagcgtcgat ttttgtgatg ctcgtcaggg 10860 
gggcggagcc tatggaaaaa cgccagcaac gcggcctttt tacggttcct ggccttttgc 10920- 
tggccttttg ctcacatgtt ctttcctgcg ttatcccctg attctgtgga tiaccgtatt 10980 
accgcctttg agtgagctga taccgctcgc cgcagccgaa cgaccgagcg cagcgagtca 11040 
gtgagcgagg aagcggaaga gcgcctgatg cggtattttc tccttacgca tctgtgcggt 11100 
atttcacacc gcatatggtg cactctcagt acaatctgct ctgatgccgc atagttaagc 11160 
cagtatctgc tccctgcttg tgtgttggag gtcgctgagt agtgcgcgag caaaatttaa 11220 

g g caa 9g«5 gaccgacaat tgcatgaaga atctgcttag ggttaggcgt 11280 
tttgcgctgc ttcgcgatgt acgggccaga tatacgcgta tctgagggga ctagggEgtg 11340 

aa g^gg9 ct tcggttgtac gcggttagga gtcccctcag gatatagtag 11400- 
tttcgctttt gcatagggag ggggaaatgt agtcttatgc aatacacttg tagtcttgca 11460 
a "^ 9 ^ aaC ^gagttag caacatgcct tacaaggaga gaaaaagcac cgtgcatgcc 11520 
. latSt^g SSKS taC9atCgtg cctta "agg aaggcaacag algfgtclga 11580 

■ 11600 . 

<210> 25 
<211> 24 
<212> DNA. 

<213> Artificial Sequence 
<220>. 

<223> primer 
<400> 25 

tgtacaccgg atccggcgca cacc 24 

<210> 26 
<211> 35 < 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 26 

cacaacgagc tcaattaatt aattgccaca tcctc 35 

<210> 27 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
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<220? 

<223> primer 
<400> 27 

cgcgctgact cttaaggact agtttc 26 

<210> 28 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 28 

gcgcttaatt aacatcatca ataatatacc ttatttt 37 

<210> 29 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
<400> 29 

atcatggccg acaagcagaa gaac 24 

<210> 30 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

,<223> primer 
<400> 30 

gtacagctcg tccatgccga gagt 24 

<210> 31 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> EGFP probe 

<221> misc feature 
<222> 1 

<223> FAM (6-carboxy-fluorescein) 

<221> misc_feature 
<222> 26 

<223> TAMRA (6-carboxy-tetramethyl-rhodamine) 
<400> 31 

caggaccatg tgatcgcgct tctcgt 26 

<210> 32 
<211> 1749 
<212> DNA 

<213> Adenovirus serotype 2 fiber 

<220> 
<221> CDS 
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<222> (1) . . . (1749) 
<400> 32 



ss? s ss is a: s ss ss s ss ss ss s a ss ss 18 

ss c s & ss if? is s s e s ss ss ss s ss 56 

25 30 

£ e a ss ss ss ss a as ss ss ss a; e ss is 144 

40 45 

ss sg e ss ss s a ss ss ss ss ss a ss si s 192 

i » « s §s ss ss ss e s ss s; ss ss ss ss - 

70 7 S 80 

ssss ess e.s.a-s ss ss s ss » - ss 288 



ss ss ss s ss ss ss ss ss g ss ss ss a; ss ss " 6 

105 110 

SS ?S? SS SS SS SS SS SS SS S ?SS IIS SS SS SS SS 3 " 

120 j^25 

e ss a SS ss ss; SS SS §S! ss ss ss ss ss SS SS " 2 

135 140 

SS SS C if? SSS SS SS Q SS IS| £ £ SS SS SSS SS «• 

150 160 

ss ss ss SSS ss ss m ss ss ss ss ss ss ss ?s; SS 528 



175 



165 170 

ss ss ss ss ss ss ss ss si us ss ss ss ss SS SSI 826 



185 



190 



ss ss SSS SS £ B SS SS S* ss s & ss ss ss ss ~ 

200 205 

ss ss ss ss e ss ss ss ss ss ss ss ss e ?ss ss - 2 

21 5 220 

i sss ss §s ss ss; ss ss ss ss ss s ss ss e ss 228 

235 240 

ss ss ss ss ss ss ss ss ss ss ss? ss ss ss S? SS 268 

-14- 



Provisional Application ™ ~ S " — -~ ** 



<f «c «(U •*••*:!« 
,j» r " " ~ * 

22908 P1 237 



245 250 255 



f$t r?„ a 9 ?? a aat aac aac "9 "a att eta gat gtg gat tac 816 
Gly Gly Met Arg He Asn Asn Asn Leu Leu He Leu Asp Val Asp T^r 
260 265 270 

S £ £ E £ S £ £ S 2 £ 22 £ 3 £ S - 

280 285 

a a a e k £ s aaa s a a a a « ™ 



295 300 

£ £ S £ £ S £ K £ £ £ 5 3 IS S3 £ - 

315 320 

S £ £ £ S £ £ X £ £ £ £ S £ S £ 1008 

JZ5 330 335 

^ f ca 9? a f a 9 SOt ctg gag ttt gat aca aac aca tct gag tct cca 1056 
Asn Ala Gly Lys Gly Leu Glu Phe Asp Thr Asn Thr Ser Glu Ser Pro 
J40 345 350 

£ S £ £ £ £ S £ £ £ £ IS £ £ £ £ 1104 

J3:> 360 355 

gaa aac ggt gec atg att act aaa ctt gga gcq qqt tta aac 1-t-t- ^ ncn 
Glu Asn Gly Ala Met lie Thr Lys Leu I?y 111 gj £ ^ j£ gj 1152 
- J 375 380 



415 



430 



1200 



ltZ c Ca 2? 9 f ? C a ^ aca ata 9 9 a aac aaa gat gac aaa ctt acc 
Asn Ser Gly Ala lie Thr lie Gly Asn Lys Asn Lp Lp Lys Leu ?hr 

390 395 400 

3 S S £ S E S £ £ E £ £ £ 2 £ E 1248 



aat f aC o 9C aaa tct act ttg gtt ctt aca aaa tgt ggg aqt caa ata 
Asn Asp Cy S Lys Phe Thr Leu Val Leu Thr Lys C?s Gl? Ser lln Val 
vzv 425 



a s £ e s si a s a £ £ a a £ £ s 1344 

440 445 

a § a £ s £ £ is £ a a £ a a a a 

3U 455 460 

£ £ a a is a a a a a a a a a a a - 

a a £ a a s a a a a a a a s a £ 1488 

485 490 495 Y 

1^ M fc ? CCt aac ctt cta 9 CC tat cca aaa acc caa aqt caa act aC f kk 

Phe Met Pro Asn Leu Leu Ala Tyr Pro Lys Thr Gin SS Gin ^ Ha " 6 



500 505 i£o 
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dctd 

Lys 


aat 
Asn 


a o r» 

Asn 
515 


att 
He 


gtc 
Val 


agt caa gtt 
Ser Gin Val 
520 


cct 
Pro 


atg 
Met 
530 


ata 
He 


ctt acc 
Leu Thr 


att aca ctt 
He Thr Leu 
535 


act 
Thr 
545 


age 
Ser 


gag 
Glu 


gta 
Val 


age 
Ser 


act tac tct 
Thr Tyr Ser 
550 


agt 
Ser 


gga 
Gly 


aaa 
Lys 


tac acc 
Tyr Thr 
565 


act gaa act 
Thr Glu Thr 


tec 
Ser 


tac 
Tyr 


att 
He 


gec 
Ala 


cag 
Gin 


gaa taa 
Glu * 



525 



540 



555 56O 



570 575 



580 

/ 

<210> 33 
<211> 582 
<212> PRT 

<213> Adenovirus serotype 2 fiber 
<400> 33 

Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro 

1 5 10 i| 

Tyr Asp Thr Glu. Thr Gly Pro Pro Thr Val Pro Phe Leu Thr Pro Pro 

20 25 30 

Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Gly Val Leu Ser 

35 40 45 

Leu Arg Val Ser Glu Pro Leu Asp Thr Ser His Gly Met Leu Ala Leu 

50 55 60 

Lys Met Gly Ser Gly Leu Thr Leu Asp Lys Ala Gly Asn Leu Thr Ser 

70 75 80 

Gin Asn Val Thr Thr Val Thr Gin Pro Leu Lys Lys Thr Lys Ser Asn 

85 90 95 

He Ser Leu Asp Thr Ser Ala Pro Leu Thr He Thr Ser Gly Ala Leu 

100 105 HO 

Thr Val Ala Thr Thr Ala Pro Leu He Val Thr Ser Gly Ala Leu Ser 

115 120 125 

Val Gin Ser Gin Ala Pro Leu Thr Val Gin Asp Ser Lys Leu Ser He 

, "° 135 140 

Ala Thr Lys Gly Pro He Thr Val Ser Asp Gly Lys Leu Ala Leu Gin 
150 155 160 

Thr Ser Ala Pro Leu Ser Gly Ser Asp Ser Asp Thr Leu Thr Val Thr 

165 170 175 

Ala Ser Pro Pro Leu Thr Thr Ala Thr Gly Ser Leu Gly He Asn Met 

180 18 5 190 

Glu Asp Pro He Tyr Val Asn Asn Gly Lys He Gly He Lys He Ser 

195 200 205 

Gly Pro Leu Gin Val Ala Gin Asn Ser Asp Thr Leu Thr Val Val Thr 

210 215 220 

Gly Pro Gly Val Thr Val Glu Gin Asn Ser Leu Arg Thr Lys Val Ala 
230 235 240' 

Gly Ala He Gly Tyr Asp Ser Ser Asn Asn Met Glu He Lys Thr Gly 
^ ^ 245 250 255 

Gly Gly Met Arg He Asn Asn Asn Leu Leu He Leu Asp Val Asp Tyr 

260 265 270 

Pro Phe Asp Ala Gin Thr Lys Leu Arg Leu Lys Leu Gly Gin Gly Pro 

275 280 285 

Leu Tyr He Asn Ala Ser His Asn Leu Asp He Asn Tyr Asn Arg Gly 

-16- 



1584 



1632 



1680 



1728 



1749 



#4*0*78008 *mMm 
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29° 295 300 

Leu Tyr Leu Phe Asn Ala Ser Asn Asn Thr Lys Lys Leu Glu Val Ser 
310 315 320 

He Lys Lys Ser Ser Gly Leu Asn Phe Asp Asn Thr Ala lie Ala lie 

325 330 335 

Asn Ala Gly Lys Gly Leu Glu Phe Asp Thr Asn Thr Ser Glu Ser Pro 

340 345 350 

Asp lie Asn Pro He Lys Thr Lys lie Gly Ser Gly lie Asp Tyr Asn 

355 360 365 

Glu Asn Gly Ala Met lie Thr Lys Leu Gly Ala Gly Leu Ser Phe Asp 

370 375 380 

Asn Ser Gly Ala lie Thr lie Gly Asn Lys Asn Asp Asp Lys Leu Thr 
390 395 400 

Leu Trp Thr Thr Pro Asp Pro Ser Pro Asn Cys Arg He His Ser Asp 

405 410 415 

Asn Asp Cys Lys Phe Thr Leu Val Leu Thr Lys Cys Gly Ser Gin Val 

425 430 
Leu Ala Thr Val Ala Ala Leu Ala Val Ser Gly Asp Leu Ser Ser Met 

440 445 
Thr Gly Thr Val Ala Ser Val Ser lie Phe Leu Arg Phe Asp Gin Asn 

Gly Val Leu Met Glu Asn Ser Ser Leu Lys Lys His Tyr Trp Asn Phe 

Arg Asn Gly Asn Ser Thr Asn Ala Asn Pro Tyr Thr Asn Ala Val Glv 

485 490 495 

Phe Met Pro Asn Leu Leu Ala Tyr Pro Lys Thr Gin Ser Gin Thr Ala 

500 505 510 

Lys Asn Asn He Val Ser Gin Val Tyr Leu His Gly Asp Lys Thr Lys 

515 520 525 

Pro Met He Leu Thr He Thr Leu Asn Gly Thr Ser Glu Ser Thr Glu 

530 535 540 

Thr Ser Glu Val Ser Thr Tyr Ser Met Ser Phe Thr Trp Ser Trp Glu 
550 555 560 

Ser Gly Lys Tyr Thr Thr Glu Thr Phe Ala Thr Asn Ser Tyr Thr Phe 

565 570 575 

Ser Tyr He Ala Gin Glu 
580 



<210> 34 
<211> 1746 
<212> DNA 

<213> Adenovirus serotype 5 fiber 

<220> 

<221> CDS 

<222> (1) . . . (1746) 

<400> 34 

atg aag cgc gca aga ccg tct gaa gat acc ttc aac ccc gtg tat cca 48 
Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro 
1 5 • 10 is 

tat gac acg gaa acc ggt cct cca act gtg cct ttt ctt act cct ccc Q£ 
Tyr Asp Thr Glu Thr Gly Pro Pro Thr Val Pro Phe 2J Tte Pro Pro 
20 25 30 

pho f£? o CC £ cc aat 999 ttt: caa 9a 9 a 9 fc ccc cct ggg gta etc tct 144 
Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Gly Val Leu Ser 
35 40 45 

090 ? ta tCC 9 f a CCt cta 9tt acc tcc ggc atg ctt gcg etc 192 
Leu Arg Leu Ser Glu Pro Leu Val Thr Ser Asn Gly Met Leu aS ten 
* U 55 60 
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r?S n? C ? tC o Ct Ct9 9aC 9ag 9CC ggC aaC Ctt ac ^ tec 240 

Lys Met Gly Asn Gly Leu Ser Leu Asp Glu Ala Gly Asn Leu Thr Ser 

65 70 75 80 

caa aat gta acc act gtg age cca cct etc aaa aaa ace aaq tea aac 288 
Gin Asn Val Thr Thr Val Ser Pro Pro Leu Lys Lys Thr lJs I" Asn 
85 90 * 95 

ata aac ctg gaa ata tct gca ceo etc aca gtt acc tea gaa gec eta 336 
lie Asn Leu Glu He Ser Ala Pro Leu Thr Val Thr Ser Glu Ala Leu 
100 105 no 

?hr Val 111 f?» f?f f? 3 n Ct f t3 at9 9t ° 9 ° 9 " C aac aca ct <= acc 384 
Thr Val Ala Ala Ala Ala Pro Leu Met Val Ala Gly Asn Thr Leu Thr 

115 120 125 

Me? G?n 111 r?! 1?° ? 9 ^ 9t9 Ca< = 9aC tCC aaa Ctt a 9 c •«= 432 

Met Gin Ser Gin Ala Pro Leu Thr Val His Asp Ser Lys Leu Ser He 
130 135 140 

111 r? 3 r? 3 o CC f tC 9t9 tCa 9aa " a aa 9 cta 3 CC <*9 caa 480 
Ala Thr Gin Gly Pro Leu Thr Val Ser Glu Gly Lys Leu Ala Leu Gin 

145 150 1S5 i 6 o 

Thr III rw ? tC ™ C a £° a ? C 9at " a9C agt acc ctt act ate act 528 
Thr Ser Gly Pro Leu Thr Thr Thr Asp Ser Ser Thr Leu Thr He Thr 

165 170 i7s 

gec tea ccc cct cta act act gec act ggt age ttq qqc att aac tta 
Ala Ser Pro Pro Leu Thr Thr ^Ala Thr Gly Ser Leu Gly He Hp £2 
180 i 8 5 190 

aaa gag ccc att tat aca caa aat gga aaa cta gga cta aag tac qqq 624 
Lys Glu Pro lie Tyr Thr Gin Asn Gly Lys Leu Gly Leu Lyi W Gly 
195 200 205 

get cct ttg cat gta aca gac gac cta aac act ttg acc gta qca act 672 
So Val Thr Jit ASP ASn Thr Le " Thr ™- ^ a ™* 



220 



720 



ggt cca ggt gtg act att aat aat act tec ttg caa act aaa qtt act 
Gly Pro Gly Val Thr He Asn Asn Thr Ser Leu Gin Thr Lys Val ?nr 
225 230 235 240 

g?5 2?» flf. r? fc S fc ? at E Ca °f a " c aat at 9 caa ctt aat gta gca 768 
Gly Ala Leu Gly Phe Asp Ser Gin Gly Asn Met Gin Leu Asn Val Ala 
245 250 255 

993 n? a ? ta f 93 a ^ 9at tCt caa aac a 9 a C 9 C ctt ata ctt gat gtt 
Gly Gly Leu Arg He Asp Ser Gin Asn Arg Arg Leu He Leu Isp Val 

260 265 270 

III i, at t Cg !£' 9at 9 ? fc caa aac caa cta a at cta aga cta gga caq 
Ser Tyr Pro Phe Asp Ala Gin Asn Gin Leu Asn Leu Aig Leu Gly Gin 
275 280 285 

ggc cct ctt ttt ata aac tea gee cac aac ttg gat att aac tac aac 
Gly Pro Leu Phe He Asn Ser Ala His Asn Leu Asp lie ten 5r Asn 
290 295 300 

aaa ggc ctt tac ttg ttt aca get tea aac aat tec aaa aaq ctt oaa 960 
Lys Gly Leu Tyr Leu Phe Thr Ala Ser Asn Asn Ser Lys Lyi Leu Glu 
310 315 320 

gtt aac cta age act gee aag ggg ttg atg ttt gac get aca gee ata 1008 
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816 



864 



912 



Val Asn Leu Ser Thr Ala Lys Gly Leu Met Phe Asp Ala Thr Ala He 
325 330 335 

gcc att aat gca gga gat ggg ctt gaa ttt ggt tea cct aat gca cca 
Ala He Asn Ala Gly Asp Gly Leu Glu Phe Gly Ser Pro Asn Ala Pro 
340 345 350 



445 



tct gga aca gtt caa agt get cat ctt att ata aga ttt gac gaa aat 
Ser Gly Thr Val Gin Ser Ala His Leu lie. He Arg Phe Asp Glu Asn 
450 455 460 



1056 



1200 



aac aca aat ccc etc aaa aca aaa att ggc cat ggc eta gaa ttt qat 1104 

Asn Thr Asn Pro Leu Lys Thr Lys He Gly His Gly Leu Glu Phe Aso 
355 360 ~ 365 

tea aac aag get atg gtt cct aaa eta gga act ggc ctt agt ttt gac 1152 

Ser Asn Lys Ala Met Val Pro Lys Leu Gly Thr Gly Leu Ser Phe Asd 
370 375 380 

age aca ggt gcc att aca gta gga aac aaa aat aat gat aag eta act 

Ser Thr Gly Ala He Thr Val Gly Asn Lys Asn Asn Asp Lys Leu Thr 

385 390 395 . 400 

r t9 l gg t?° f£ a cca 9ct cca tct cct aac a 9 a eta aat gca gag 1248 

Leu Trp Thr Thr Pro Ala Pro Ser Pro Asn Cys Arg Leu Asn Ala Glu 
405 410 415 

aaa gat get aaa etc act ttg gtc tta aca aaa tgt ggc agt caa ata 1296 

Lys Asp Ala Lys Leu Thr Leu Val Leu Thr Lys Cys Gly Ser Gin He 
420 425 430 

ctt get aca gtt tea gtt ttg get gtt aaa ggc agt ttg get cca ata 1344 

Leu Ala Thr Val Ser Val Leu Ala Val Lys Gly Ser Leu Ala Pro He 
435 440 



1392 



gga gtg eta eta aac aat tec ttc ctg gac cca gaa tat tgg aac ttt 1440 
Gly Val Leu Leu Asn Asn Ser Phe Leu Asp Pro Glu Tyr Trp Asn Phe 
465 470 475 48 0 

aga aat gga gat ctt act gaa ggc aca gcc tat aca aac get gtt qqa 1488 
Arg Asn Gly Asp Leu Thr Glu Gly Thr Ala Tyr Thr Asn Ala Val Gly 
485 490 495 

ttt atg cct aac eta tea get tat cca aaa tct cac ggt aaa act gcc 1536 
Phe Met Pro Asn Leu Ser Ala Tyr Pro Lys Ser His Gly Lys Thr Ala 
500 505 sio 

aaa agt aac att gtc agt caa gtt tac tta aac gga gac aaa act aaa 1584 
Lys Ser Asn He Val Ser Gin Val Tyr Leu Asn Gly Asp Lys Thr Lys 
515 520 525 

cct gta aca eta acc att aca eta aac ggt aca cag gaa aca gga qac 1632 
Pro Val Thr Leu Thr He Thr Leu Asn Gly Thr Gin Glu Thr Gly Asp 
530 535 540 

Th*. 2S t S° a t 9t ?? a L aC tCt atg tca fctt tca fc 99 9ac tgg tct ggc 1680 
Thr Thr Pro Ser Ala Tyr Ser Met Ser Phe Ser Trp Asp Trp Ser Gly 

545 550 555 560 

cac aac tac att aat gaa ata ttt gcc aca tec tct tac act ttt tca 1728 
His Asn Tyr He Asn Glu He Phe Ala Thr Ser Ser Tyr Thr Phe Ser 
565 570 ' 575 

tac att gcc caa gaa taa 

Tyr He Ala Gin Glu * 1746 
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580 



<210> 35 
<211> 581 
<212> PRT 

<213> Adenovirus serotype 5 fiber 



<400> 35 

Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro 

Tyr Asp Thr Glu Thr Gly Pro Pro Thr Val Pro Phe Leu Thr Pro Pro 

Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Gly vll Leu Ser 

Jb 40 45 

Leu Arg Leu Ser Glu Pro Leu Val Thr Ser Asn Gly Met Leu Ala Leu 

60 

Lys Met Gly Asn Gly Leu Ser Leu Asp Glu Ala Gly Asn Leu Thr Ser 



Gin Asn Val Thr Thr Val Ser Pro Pro Leu Lys Lys Thr Lys Ser Asn 



85 90 



lie Asn Leu Glu lie Ser Ala Pro Leu T^r Val Thr Ser Glu aL Leu 



100 



Thr Val Ala Ala Ala Ala Pro Leu ml Val Ala Gly Asn £J Leu Thr 
Ser 

130 135 140 



120 TO C 

Met Gin Ser Gin Ala Pro Leu Thr Val His Asp Ser Lys Leu Ser lie 



Thr Ser Gly Pro Leu Sr Thr Thr Asp Ser Ser Thr Leu Thr lie Ihr 



165 



Ala Thr Gin Gly Pro Leu Thr Val Ser Glu Gly Lys Leu Ala Leu Gin 
Thr 

Ala Ser Pro Pro Leu Thr Thr Ala Thr Gly Ser Leu Gly He Asp Leu 

Lys Glu Pro lie Tyr Thr Gin Asn oly Lys Leu Gly Leu lyl Tyr Gly 

200 205 
Ala Pro Leu His Val Thr Asp Asp Leu Asn Thr Leu Thr Val Ala Thr 

215 220 
Gly Pro Gly Val Thr lie Asn Asn Thr Ser Leu Gin Thr Lys Val Thr 

Gly Ala Leu Gly Phe Asp Ser Gin Gly Asn Met Gin Leu Asn Val 111 

250 otrc 
Gly Gly Leu Arg lie Asp Ser Gin Asn Arg Arg Leu He Leu Asp Val 

Ser Tyr Pro Phe Asp Ala Gin Asn Gin Leu Asn Leu Arg Leu Gly Gin 

280 ^ftr 

Gly Pro Leu Phe lie Asn Ser Ala His Asn Leu Asp lie Asn Tyr Asn 



Lys Gly Leu Tyr Leu Phe ihr Ala Ser Asn Asn III Lys Lys Leu Glu 
JlO 315 

Lys Gly Leu Met Phe Asp Ala 
330 

Gly Leu Glu Phe Gly Ser Pro 
Asn Thr Asn Pro Leu Lys Thr Lys Til Gly His Gly Leu g!u Phe Asp 



Val Asn Leu Ser Thr Ma Lys Gly Leu Met lit Asp Ala Thr Ala III 

Ala Gly Asp Gly Leu Glu 
340 . 345 



325 330 - 

Ala He Asn Ala Gly Asp Gly Leu Glu Phe Gly Ser Pro Asn Ala Pro 



360 " 3 65 

Ser Asn Lys Ala Met Val Pro Lys Leu Gly Thr Gly Leu Ser Phe Aap 

375 380 
Ser Thr Gly Ala lie Thr Val Gly Asn Lys Asn Asn Asp Lys Leu Thr 

Leu Trp Thr Thr Pro Ala Pro Ser Pro Asn Cy S Arg Leu Asn Ala Glu 

410 j « j. 

Lys Asp Ala Lys Leu Thr Leu Val Leu Thr Lys Cys Gly Ser Gin lie 

425 d.*5n 
Leu Ala Thr Val Ser Val Leu Ala Val Lys Gly Ser Leu til Pro lie 

440 445 
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Ser 


Gly 


Thr 


Val 


Gin 




450 








Gly 


Val 


Leu 


Leu 


Asn 


465 










Arg 


Asn 


Gly 


Asp 


Leu 










485 


Phe 


Met 


Pro 


Asn 


Leu 








500 




Lys 


Ser 


Asn 


He 


Val 






515 






Pro 


Val 


Thr 


Leu 


Thr 




530 








Thr 


Thr 


Pro 


Ser 


Ala 


545 










His 


Asn 


Tyr 


He 


Asn 










565 


Tyr 


He 


Ala 


Gin 


Glu 



Ser 


Ala 


His 




455 




Asn 


Ser 


Phe 


470 






Thr 


Glu 


Gly 


Ser 


Ala 


Tyr 


Ser 


Gin 


Val 






520 


He 


Thr 


Leu 




535 




Tyr 


Ser 


Met 


550 






Glu 


He 


Phe 



460 

Leu Asp Pro Glu Tyr Trp Asn Phe 
475 ~ 480 

Thr Ala Tyr Thr Asn Ala Val Gly 

490 495 
Pro Lys Ser His Gly Lys Thr Ala 
505 510 
Tyr Leu Asn Gly Asp Lys Thr Lys 
525 

Asn Gly Thr Gin Glu Thr Gly Asp 
540 

Ser Phe Ser Trp Asp Trp Ser Gly 
555 560 
Ala Thr Ser Ser Tyr Thr Phe Ser 
570 575 



580 



<210> 36 
<211> 1098 
<212> DNA 

<213> Adenovirus serotype 37 fiber 

<220> 

<221> CDS 

<222> (1) . . . (1098) 

<400> 36 

atg tea aag agg etc egg gtg gaa gat gae ttc aac ccc gtc tac ccc 
Met Ser Lys Arg Leu Arg Val Glu Asp Asp Phe Asn Pro Val Tyr Pro 

£ at 2?° i aC 9 ? 9 C " aat cag aat atc ccc ttc ct c act ccc ccc ttt 
Tyr Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe 
20 25 30 



48 



96 



gtc tec tec gat gga ttc aaa aac ttc ccc cct ggg gta ctq tea etc 144 
Val Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro lly Val III Ser Leu 
35 40 45 

?™ rt» f? t ? at n Ca t^ C a £ C a V* aCC aat ggg gat gta tec etc aag 192 
Lys Leu Ala Asp Pro He Thr He Thr Asn Gly Asp Val Ser Leu Lys 



5 ° 55 60 

v.? rif ST 2?* f tC a f t r t9 Caa 9at gga agc cta act 9 ta aac cct 
Val Gly Gly Gly Leu Thr Leu Gin Asp Gly Ser Leu Thr Val Asn Pro 

65 70 75 so 

fS? ?? t n° a f tS C ? a 9tt aat act gat aaa aaa ctt 9 a 9 ctt gca tat 
Lys Ala Pro Leu Gin Val Asn Thr Asp Lys Lys Leu Glu Leu Ala Tvr 
85 90 95 

gat aat cca ttt gaa agt agt get aat aaa ctt agt tta aaa gta gga 
Asp Asn Pro Phe Glu Ser Ser Ala Asn Lys Leu Ser Leu Lys Val Glv 
100 105 iio y 

His Glv ?1 B f M 9 f a 39t 9Ct 909 ggg tta aaa 9** 

His Gly Leu Lys Val Leu Asp Glu Lys Ser Ala Ala Gly Leu Lys Asp 

H5 120 125 

??* 2? C aaa Ctt gtg 9tt tta aca gga aaa ^ a at a ggc act gaa 432 
Leu lie Gly Lys Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Glu 
1J0 135 140 



240 



288 



336 



384 
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( 

aat tta gaa aat aca gat ggt age age aga gga att ggt ata aat gta 4B0 

Asn Leu Glu Asn Thr Asp Gly Ser Ser Arg Gly lie Gly lie Asn Val 

145 150 155 - i 6 o 

aga gca aga gaa ggg ttg aca ttt gac aat gat gga tac ttg gta gca 528 
Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp Gly Tyr LeS Val Ala 
165 170 " 1 75 

tgg aac cca aag tat gac acg cgc aca ctt tgg aca aca cca gac aca 576 
Trp Asn Pro Lys Tyr Asp Thr Arg Thr Leu Trp Thr Thr Pro Asp Thr 
180 185 190 

tct cca aac tgc aca att get caa gat aag gac tct aaa etc act ttq 624 
Ser Pro Asn Cys Thr He Ala Gin Asp Lys Asp Ser Lys Leu Thr Leu 
195 200 205 

gta ctt aca aag tgt gga agt caa ata tta get aat gtg tct ttg att 672 
Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser Leu He 
210 2 i5 220 

?7 fc ? §*? ?? a 2? a aa9 taC cac atc ata aat aat aa 9 aca a *t cca aaa 720 
Val Val Ala Gly Lys Tyr His He He Asn Asn Lys Thr Asn Pro Lys 

225 230 235 240 

ata aaa agt ttt act att aaa ctg eta ttt aat aag aac gga gtg ctt 768 
He Lys Ser Phe Thr He Lys Leu Leu Phe Asn Lys Asn Gly Val Leu 
245 250 255 

tta gac aac tea aat ctt gga aaa get tat tgg aac ttt aga agt gga 816 
Leu Asp Asn Ser Asn Leu Gly Lys Ala Tyr Trp Asn Phe Arg Ser Gly 
260 265 270 

aat tec aat gtt teg aca get tat gaa aaa gca att ggt ttt atg cct 864 
Asn Ser Asn Val Ser Thr Ala Tyr Glu Lys Ala He Gly Phe Met Pro 
275 280 285 

aat ttg gta gcg tat cca aaa ccc agt aat tct aaa aaa tat gca aga 912 
Asn Leu Val Ala Tyr Pro Lys Pro Ser Asn Ser Lys Lys Tyr Ala Arg 
290 295 300 

ft 0 £ at 2? a Sf fc a n a tat ctt 9gt " a aaa cct Sat cag cca 960 

Asp He Val Tyr Gly Thr He Tyr Leu Gly Gly Lys Pro Asp Gin Pro 
305 310 315 320 

gca gtc att aaa act ace ttt aac caa gaa act gga tgt gaa tac tct looa 
Ala Val lie Lys Thr Thr Phe Asn Gin Glu Thr Gly Cys Glu Tyt Ser 
325 330 335 

t^ C JE* Si* aaC a9t t99 tCC aaa acc tat gaa aat 9tt gaa ttt 1056 

He Thr Phe Asn Phe Ser Trp Ser Lys Thr Tyr Glu Asn Val Glu Phe 

340 345 350 

2? a t? c acc tct ttL acc ttc tcc tat att 9cc caa gaa tga 1098 
Glu Thr Thr Ser Phe Thr Phe Ser Tyr He Ala Gin Glu * 
355 360 365 



<210> 37 
<211> 365 
<212> PRT 

<213> Adenovirus serotype 37 fiber 
<400> 37 
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Met Ser Lys Arg Leu Arg Val Glu Asp Asp Phe Asn Pro Val Tyr Pro 

10 1C 

Tyr Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe 

25 30 
Val Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu 

35 40 45 

Lys Leu Ala Asp Pro He Thr lie Thr Asn Gly Asp Val Ser Leu Lys 

55 g0 * 

Val Gly Gly Gly Leu Thr Leu Gin Asp Gly Ser Leu Thr Val Asn Pro 

Lys Ala Pro Leu Gin Val Asn Thr Asp Lys lys Leu Glu Leu Ala Tyr 

°5 90 Qr 

Asp Asn Pro Phe Glu Ser Ser Ala Asn Lys Leu Ser Leu Lys Val Gly 

105 iio 
His Gly Leu Lys Val Leu Asp Glu Lys Ser Ala Ala Gly Leu Lys Asd 
, 115 120 125 V 

Leu lie Gly Lys Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Glu 

135 140 
Asn Leu Glu Asn Thr Asp Gly Ser Ser Arg Gly He Gly He Asn Val 
150 155 1fin 

Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp Gly Tyr Leu Val Ala 



He Lys Ser Phe Thr He Lys Leu Leu Phe Asn Lys Asn Gly Val Leu 
245 250 " 



Trp Asn Pro Lys Tyr Asp Thr Arg Thr Leu Trp Thr Thr Pro Asp Thr 

0 185 190 

Ser Pro Asn Cys Thr He Ala Gin Asp Lys Asp Ser Lys Leu Thr Leu 

135 200 205 

Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser Leu He 

Val Val Ala Gly Lys Tyr His He He Asn Asn Lys Thr Asn Pro Lys 
230 235 240 

Leu 

Leu Asp Asn Ser Asn Leu Gly Lys Ala T^r Trp Asn Phe Arg Ser Gly 

Asn Ser Asn Val Ser Thr Ala Tyr Glu Lys Ala He Gly Phe Met Pro 

280 285 
Asn Leu Val Ala Tyr Pro Lys Pro Ser Asn Ser Lys Lys Tyr Ala Arg 

295 300 
Asp He Val Tyr Gly Thr He Tyr Leu Gly Gly Lys Pro Asp Gin Pro 

315 *5 o o 

Ala Val He Lys Thr Thr Phe Asn Gin Glu Thr Gly Cys Glu Tyr Ser 
_, 325 330 33 5 

He Thr Phe Asn Phe Ser Trp Ser Lys Thr Tyr Glu Asn Val Glu Phe 

345 350 
Glu Thr Thr Ser Phe Thr Phe Ser Tyr He Ala Gin Glu 
355 360 365 

<210> 38 
<211> 1098 
<212> DNA 

<213> Adenovirus serotype 19p fiber 

<220> 
<221> CDS 

<222> (1) ...(1098) , 
<400> 38 

atg tea aag agg etc egg gtg gaa gat gac ttc aac ccc gtc tac ccc 4B 
Met Ser Lys Arg Leu Arg Val Glu Asp Asp Phe Asn Pro vll T^r Pro 
5 1( > 15 

2?° i a ° 9 f 9 Cgg aat cag aat atc ccc ttc etc act ccc ccc ttt 96 
Tyr Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe 

20 25 30 
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gtc tec tec gat gga ttc aaa aac ttc ccc cct ggg gta ctg tea etc 144 
Val Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu 
35 40 45 

aaa ctg get gat cca ate acc att acc aat ggg gat gta tec etc aaa 192 
Lys Leu Ala Asp Pro He Thr lie Thr Asn Gly Asp Val Ser Leu Lys 



60 



gtg gga ggt ggt etc act ttg caa gat gga age eta act qta aac cct ?4r> 
Val Gly Gly Gly Leu Thr Leu Gin Asp Gly Ser Leu ?hr Val Asn Pro 
65 7 ° 75 80 

aag get cca ctg caa gtt act act gat aaa aaa ctt gag ctt gca tat 2 88 
Lys Ala Pro Leu Gin Val Thr Thr Asp Lys Lys Leu Glu Leu Ala Tyr 
85 90 95 * 

gat aat cca ttt gaa tgt agt get aat aaa ttt agt tta aaa gta gga 336 
Asp Asn Pro Phe Glu Cys Ser Ala Asn Lys Phe Ser Leu Lys Val Gly 
100 105 no 

cat gga tta aaa gta tta gat gaa aaa agt get gcg ggg tta aaa gat 384 
His Gly Leu Lys Val Leu Asp Glu Lys Ser Ala All Gly Leu Lys Asp 
115 120 125 

1™ 2?° f aa ? fct 9t ? tta aca gga aaa a °a ata ggc act gaa 432 

Leu lie Gly Lys Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Glu 
130 135 X40 

aat tta gaa aat aca gat ggt age age aga gga att ggt ata aat gta 480 
Asn Leu Glu Asn Thr Asp Gly Ser Ser Arg Gly He Gly He Asn Val 
145 150 155 i 6 o 

aga gca aga gaa ggg ttg aca ttt gac aat gat gga tac ttg gta qca 528 
Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp Gly Tyr Leu Val Ala 
1^5 170 * 175 

tgg aac cca aag tat gac acg cgc aca ctt tgg aca aca cca gac aca 576 
Trp Asn Pro Lys Tyr Asp Thr Arg Thr Leu Trp Thr Thr Pro Asp Thr 
180 185 190 

tct cca aac tgc aca att get cag gat aag gac tct aaa etc act ttg 624 
Ser Pro Asn Cys Thr He Ala Gin Asp Lys Asp Ser Lys Leu Thr Leu 
195 200 205 

2S a f ag ^ 9t 9 ? a agt Caa ata tta gct aat 9t9 tct ttg att 672 
Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser Leu He 
2X0 215 220 

?? a 2? a aa9 tac cac atc ata aat aat aa 9 aca aat cca gaa 720 
Val Val Ala Gly Lys Tyr His He He Asn Asn Lys Thr Asn Pro Glu 

225 230 235 240 

ata aaa agt ttt act att aaa ctg tta ttt aat aag aac gga gtg ctt 768 
He Lys Ser Phe Thr He Lys Leu Leu Phe Asn Lys Asn Gly Val Leu 
245 250 255 

? a ° n aC E° a aat Ctt 9 ? a aaa gct tat fc 99 aac ttt: a 9 a agt gga 816 
Leu Asp Asn Ser Asn Leu Gly Lys Ala Tyr Trp Asn Phe Arg Ser Gly 

2*0 265 270 

aat tec aat gtt teg aca get tat gaa aaa gca att ggt ttt atg cct 864 
Asn Ser Asn Val Ser Thr Ala Tyr Glu Lys Ala He Gly Phe Me? Pro 
275 280 285 
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aat 
Asn 


tta 
Leu 
290 


gta 
Val 


gcg tat 
Ala Tyr 


cca 
Pro 


aaa 
Lys 
295 


ccc 
fro 


gac 
Asp 
305 


ata 
lie 


gtt 
val 


tat gga 
Tyr Gly 


act 
Thr 
310 


ata 
He 


tat 
Tyr 


gca 
Ala 


gtc 
Val 


att 
He 


aaa 
Lys 


act 
Thr 
325 


acc 
Thr 


ttt 
Phe 


aac 
Asn 


ate 
lie 


aca 
Thr 


ttt 
Phe 


gac 
Asp 
340 


ttt 
Phe 


agt 
Ser 


tgg 
Trp 


tec 
Ser 


gaa 
Glu 


acc 
Thr 


acc 
Thr 
355 


tct 
Ser 


ttt 
Phe 


acc 
Thr 


ttc 
Phe 


tec 
Ser 
360 



300 



315 



320 



330 



335 



345 



350 



960 



1008 



1056 



1098 



365 



<210> 39 
<211> 365 
<212> PRT 

<213> Adenovirus serotype 19p fiber 
<400> 39 

Met Ser Lys Arg Leu Arg Val Glu Asp Asp 

1 5 10 

Tyr Gly Tyr Ala Arg Asn Gin Asn He Pro 

20 25 
Val Ser Ser Asp Gly Phe Lys Asn Phe Pro 

35 40 
Lys Leu Ala Asp Pro He Thr lie Thr Asn 

50 55 
Val Gly Gly Gly Leu Thr Leu Gin Asp Gly 

Lys Ala Pro Leu Gin Val Thr Thr Asp Lys 

85 90 
Asp Asn Pro Phe Glu Cys Ser Ala Asn Lys 

100 105 
His Gly Leu Lys Val Leu Asp Glu Lys Ser 

115 120 
Leu He Gly Lys Leu Val Val Leu Thr Gly 
130 135 7 

Asn Leu Glu Asn Thr Asp Gly Ser Ser Arg 
145 150 
Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn 

t 165 170 

Trp Asn Pro Lys Tyr Asp Thr Arg Thr Leu 

180 185 
Ser Pro Asn Cys Thr He Ala Gin Asp Lys 

195 200 
Val Leu Thr Lys Cys Gly Ser Gin He Leu 

210 215 
Val Val Ala Gly Lys Tyr His He He Asn 
225 230 
He Lys Ser Phe Thr He Lys Leu Leu Phe 
245 250 
Leu Asp Asn Ser Asn Leu Gly Lys Ala Tyr 

n « 260 265 

Asn Ser Asn Val Ser Thr Ala Tyr Glu Lyo 

275 280 
Asn Leu Val Ala Tyr Pro Lys Pro Ser Asn 



Phe Asn Pro Val 
Phe Leu 
Pro Gly 



Gly Asp 

60 
Ser Leu 
75 

Lys Leu 

Phe Ser 

Ala Ala 

Lys Gly 
140 
Gly He 
155 

Asp Gly 
Trp Thr 
Asp Ser 

Ala Asn 

220 
Asn Lys 
235 

Asn Lys 
Trp Asn 
Ala He 
Ser Lys 



Thr Pro 

30 
Val Leu 
45 

Val ser 



Thr Val 

Glu Leu 

Leu Lys 
110 
Gly Leu 
125 

He Gly 

Gly He 

Tyr Leu 

Thr Pro 
190 
Lys Leu 
205 

Val Ser 

Thr Asn 

Asn Gly 

Phe Arg 
270 
Gly Phe 
285 

Lys Tyr 



Tyr Pro 
15 

Pro Phe 

Ser Leu 

Leu Lys 

Asn Pro 
80 

Ala Tyr 
95 

Val Gly 

Lys Asp 

Thr Glu 

Asn Val 
160 
Val Ala 
175 

Asp Thr 

Thr Leu 

Leu He 

Pro Glu 
240 
Val Leu 
255 

Ser Gly 
Met Pro 
Ala Arg 
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290 




Asp 


He 


Val 


305 






Ala 


Val 


He 


He 


Thr 


Phe 


Glu 


Thr 


Thr 






355 



295 



300 



310 



315 



320 



325 



330 



335 



340 



345 



350 



360 



365 



<210> 40 
<211> 1228 
<212> DNA 

<213> Adenovirus serotype 9 fiber 

<220> 
<221> CDS 

<222> (50) . . . (1138) 



<400> 40 

aagggatgtc aaattcctgg tccacaattt tcattgtctt ccctctcag atg tea aag 58 

Met Ser .Lys 



1 



agg etc egg gtg gaa gat gac ttc aac ccc gtc tac ccc tat gqc tac 
Arg Leu Arg Val Glu Asp Asp Phe Asn Pro Val Tyr Pro Tyr Gly Tyr 



15 



gcg egg aat cag aat ate ccc ttc etc act ccc ccc ttt gtc tec tec 
Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe Val Ser Ser 
20 25 30 



35 



gat gga ttc caa aac ttc ccc cct ggg gtc ctq tea etc aaa eta art 
■Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu S 
40 45 



50 



106 



154 



202 



gac cca at a gec ate gtc aat ggg aat gtc tea etc aaa gtg gga ggg 250 
Asp Pro lie Ala lie Val Asn Gly Asn Val Ser Leu Lys Val Gly Glv 
55 60 65 

? tC 5? r t9 Sf a 9at " a act 9 ^ a aaa eta aca gtc aat get gat 298 
Gly Leu Thr Leu Gin Asp Gly Thr Gly Lys Leu Thr Val Asn Ala Asp 
70 75 80 

cca cct ttg caa ctt aca aac aac aaa tta ggg att get ttg gac get 346 
Pro Pro Leu Gin Leu Thr Asn Asn Lys Leu Gly lie Ala Leu Asp Ah 
85 90 95 

cca ttt gat gtt ata gat aat aaa etc aca ttg tta gcg gqc cat aac 394 
Pro Phe Asp Val lie Asp Asn Lys Leu Thr Leu Leu All lly Sis Gl? 
100 105 no X1 | 

ttg tct att ata aca aaa gaa aca tea aca ctg cct ggc ttg agg aat 442 
Leu Ser lie lie Thr Lys Glu Thr Ser Thr Leu Pro Gly Leu Arg Asn 
120 125 130 

?hr 3^ r tta 2? a aa9 99t att " a aCa aaa tca gat 490 

Thr Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Glu Ser Thr Asp 

135 140 145 

ten Glv SS ?2 n 9t 5*? f 9a 9tt " a gaa 99t 99C tta tea 538 
Asn Gly Gly Thr Val Cys Val Arg Val Gly Glu Gly Gly Gly Leu Ser 

50 155 160 
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2* ^ U at ? at S? a gac tta ° ta 9^^ ttt aat aaa aaa gaa oat aaa sag 
Phe Asn Asn Asp Gly Asp Leu Val Ala Phe Asn Lys Lys Glu Asp Lyf 
lob 170 f J 

cgc acc eta tgg aca act cca gac aca tct cca aat tgc aag att aat 634 
Arg Thr Leu Trp Thr Thr Pro Aep Thr Ser Pro Asn Cys Lyf lit £J "* 
180 1 85 190 19 | 

cag gat aag gac tct aag tta act ctq qtc ctt aca aaa i-rrt- ^ 
Gin Asp Lys Asp Ser Lys Leu Thr Leu Val £5 Tnr Lyl C?s Ify £ 
200 205 210 

caa ata ttg get aat gtg tea tta att gtc gta gat ggt aaq tac aaa 7™ 
Gin lie Leu Ala Asn Val Ser Leu He Val Val Asp Gly L?s T?r Lys 
215 220 225 

att ate aat aac aat act caa cca get etc aaa qqa ttt acc att aaa „„ 
lie lie Asn Asn Asn Thr Gin Pro La Leu Lys §1? Phe ?hr lit Lys 
"° 235 240 

ilf r t9 It* ? at 2? a aat " a 9 ta ctt ata °aa tct tea aat ctt qqt 826 
Leu Leu Phe, Asp Glu Asn Gly Val Leu Met Glu Ser Ser Asn Leu Gly 

250 255 

aaa tea tat tgg aac ttt aga aat gaa aat tea att atq tea aca act n74 
Lys Ser Tyr Trp Asn Phe Arg Asn glu Asn Ser lie Me? Ser ?hr 111 ^ 
265 270 275 

tat gaa aaa get att gga ttc atg cct aat ttg gta gec tat cca aaa <>?:> 
Tyr Glu Lys Ala lie Gly Phe Met Pro Asn Leu Val lit t£ Pro L?s 
280 285 290 

l Ct »u C ?? t 9 ? C tct aaa aaa tat aca a ga gat ata gtt tat aaa aac <i7n 
Pro Thr Ala Gly Ser Lys Lys Tyr Ala Arg Isp He Val t£ Gly Asn 



335 



1018 



ate tac ctt ggt gga aag cca gat caa cca gta acc att aaa act acr 
He. Tyr Leu Gly Gly Lys Pro Asp Gin Pro Val Thr He Lys Thr ?hr 
310 315 320 

It* f at Sf 9 9 f a act gga tgt 9aa tat tct ate aca ttt aat ttt aat- 1^ 
Phe Asn Gin Glu Thr Gly- Cys Glu Tyr Ser lie Thr Phe Asp Phe llr 



tgg gec aag act tat gta aat gtt gaa ttt gaa aca acc tct ttt nc-n 
Trp Ala Lys Thr Tyr Val Asn Val Glu Phe Glu Thr ?hr Ser Phe Thr 1114 
345 350 355 

Pne ser Tyr lie 111 ttu *T aagaCCaata «°9tgtttt tcattteaaa 1168 
360 

attttcatgt atctttattg atttttacac cagcaegggt agtcagtctc ccaccaccag 1228 

<210> 41 
<211> 362 
<212> PRT 

<213> Adenovirus serotype 9 fiber 
<400> 41 

Met Ser Lys Arg Leu Arg Val Glu Asp Asp Phe Asn Pro Val Tyr Pro 

Tyr Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe 
20 25 3 0 
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Val Ser Ser Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu 

35 40 45 

Lys Leu Ala Asp Pro lie Ala He Val Asn Gly Asn Val Ser Leu Lys 

50 55 60 

Val Gly Gly Gly Leu Thr Leu Gin Asp Gly Thr Gly Lys Leu Thr Val 

70 75 8Q 

Asn Ala Asp Pro Pro Leu Gin Leu Thr Asn Asn Lys Leu Gly He Ala 

85 90 95 

Leu Asp Ala Pro Phe Asp Val He Asp Asn Lys Leu Thr Leu Leu Ala 

100 105 HO 

Gly His Gly Leu Ser He He Thr Lys Glu Thr Ser Thr Leu Pro Glv 

115 120 125 

Leu Arg Asn Thr Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Glu 

130 135 140 

Ser Thr Asp Asn Gly Gly Thr Val Cys Val Arg Val Gly Glu Gly Gly 
150 155 160 

Gly Leu Ser Phe Asn Asn Asp Gly Asp Leu Val Ala Phe Asn Lys Lys 

165 17 ° 175 

Glu Asp Lys Arg Thr Leu Trp Thr Thr Pro Asp Thr Ser Pro Asn Cys 

180 185 190 

Lys He Asp Gin Asp Lys Asp Ser Lys Leu Thr Leu Val Leu Thr Lvs 

195 200 205 

Cys Gly Ser Gin He Leu Ala Asn Val Ser Leu He Val Val Asp Gly 

210 215 220 

Lys Tyr Lys He He Asn Asn Asn Thr Gin Pro Ala Leu Lys Gly Phe 
230 235 240 

Thr He Lys Leu Leu Phe Asp Glu Asn Gly Val Leu Met Glu Ser Ser 

245 250 255 

Asn Leu Gly Lys Ser Tyr Trp Asn Phe Arg Asn Glu Asn Ser He Met 

260 265 270 

Ser Thr Ala Tyr Glu Lys Ala He Gly Phe Met Pro Asn Leu Val Ala 
275 280 285 

S LyS Pr ° Thr Ala Gly Ser *** Lys T ^ r Ala Ar 9 Asp He Val 
290 295 300 

Tyr Gly Asn He Tyr Leu Gly Gly Lys Pro Asp Gin Pro Val Thr He 
310 315 320 

Lys Thr Thr Phe Asn Gin Glu Thr Gly Cys Glu Tyr Ser He Thr Phe 
_ ' . 325 330 335 

Asp Phe Ser Trp Ala Lys Thr Tyr Val Asn Val Glu Phe Glu Thr Thr 

340 345 350 

Ser Phe Thr Phe Ser Tyr He Ala Gin Glu 
355 360 



<210> 42 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad2 third repeat 
<400> 42 

Gly Asn Leu Thr Ser Gin Asn Val Thr Thr Val' Thr Gin Pro Leu Lys 

_ rm_ 5 10 15 

Lys Thr Lys Ser 
20 



<210> 43 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> Ad5 third repeat 



<400> 43 

Gly Asn Leu Thr Ser Gin Asn Val Thr Thr Val Ser Pro Pro Leu Lys 



Lys Thr Lys Ser 
20 



<210> 44 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Repeat motif 

<221> VARIANT 
<222> 4 

<223> Xaa = Thr or Ser 

<400> 44 
Thr Thr Val Xaa 
1 



<210> 45 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Repeat Consensus Sequence 

<221> VARIANT 
<222> 3,5,7,13 

<223> Xaa = Hydrophobic Amino Acid 
<221> VARIANT 

<222> 1, 2, 4, 6, 8, 9, 11, 12, 14, 15 
<223> Xaa = Any Amino Acid 

<221> VARIANT 
<222> 10 

<223> Xaa = Pro or Gly 
<400> 45 



Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 



<210> 46 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad2 21st repeat 
<400> 46 



Gly Ala Met lie Thr Lys Leu Gly Ala Gly Leu Ser Phe Asp Asn Ser 



5 



10 



15 



5 



10 



15 



<210> 47 
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<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad5 21st repeat 
<400> 47 

Lys Ala Met Val Pro Lys Leu Gly Thr Gly Leu Ser Phe Asp Ser Thr 
1 5 10 15 

<210> 48 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad37 last repeat 
<400> 48 

He Gly He Asn Val Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp 
\ 5 10 15 

<210> 49 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Last repeat consensus sequence 

<221> VARIANT 
<222> 4,7 

<223> Xaa = Any Amino Acid 

<221> VARIANT 
<222> 9 

<223> Xaa = Asp or Asn 
<400> 49 

Lys Leu Gly Xaa Gly Leu Xaa Phe Xaa 
1 5 



<210> 


50 


<211> 


1164 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


AdSDs fiber 


<221> 


CDS 


<222> 


(13) . . . (1092) 


<221> 


misc feature 


<222> 


11307 1157 


<223> 


n = A ( T,C or G 


<400> 


50 



atgggatcca ag atg aag cgc gca aga ccg tct gaa gat acc ttc aac ccc 51 
Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro 
1 5 10 
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gtg tat cca tat gac acg gaa acc ggt cct cca act gtg cct ttt ctt 99 
Val Tyr Pro Tyr Asp Thr Glu Thr Gly Pro Pro Thr Val Pro Phe Leu 
15 20 25 

act cct ccc ttt gta tec ccc aat ggg ttt caa gag agt ccc cct ggg 147 
Thr Pro Pro Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Glv 
30 35 . 40 45 

gta etc tct ttg cgc eta tec gaa cct eta gtt acc tec aat ggc atg 195 
Val Leu Ser Leu Arg Leu Ser Glu Pro Leu Val Thr Ser Asn Gly Met 
50 55 60 

ctt gcg etc aaa atg ggc aac ggc etc tct ctg gac gag gec ggc aac 243 
Leu Ala Leu Lys Met Gly Asn Gly Leu Ser Leu Asp Glu Ala Gly Asn 
65 70 75 

ctt acc tec caa aat gta acc act gtg age cca cct etc aaa aaa acc 291 
Leu Thr Ser Gin Asn Val Thr Thr Val Ser Pro Pro Leu Lys Lys Thr 
80 85 90 

aag aaa aag ctt gaa gtt aac eta age act gee aag ggg ttg atg ttt 339 
Lys Lys Lys Leu Glu Val Asn Leu Ser Thr Ala- Lys Gly Leu Met Phe 
95 100 105 

gac get aca gec ata gee att aat gca gga gat ggg ctt gaa ttt ggt 387 
Asp Ala Thr Ala He Ala He Asn Ala Gly Asp Gly Leu Glu Phe Gly 
HO H5 120 125 

tea cct aat gca cca aac aca aat ccc etc aaa aca aaa att ggc cat 435 
Ser Pro Asn Ala Pro Asn Thr Asn Pro Leu Lys Thr Lys He Gly His 
130 135 J 140 

ggc. eta gaa ttt gat tea aac aag get atg gtt cct aaa eta gga act 483 
Gly Leu Glu Phe Asp Ser Asn Lys Ala Met Val Pro Lys Leu Gly Thr 
145 150 155 

ggc ctt agt ttt gac age aca ggt gec att aca gta gga aac aaa aat 531 
Gly Leu Ser Phe Asp Ser Thr Gly Ala He Thr Val Gly Asn Lys Asn 
160 165 170 

aat gat aag eta act ttg tgg acc aca cca get cca tct cct aac tgt 579 
Asn Asp Lys Leu Thr Leu Trp Thr Thr Pro Ala Pro Ser Pro Asn Cys 
175 180 185 

aga eta aat gca gag aaa gat get aaa etc act ttg gtc tta aca aaa 627 
Arg Leu Asn Ala Glu Lys Asp Ala Lys Leu Thr Leu Val Leu Thr Lys 
190 195 200 205 

tgt ggc agt caa ata ctt get aca gtt tea gtt ttg get gtt aaa ggc 675 
Cys Gly Ser Gin He Leu Ala Thr Val Ser Val Leu Ala Val Lys Gly 
210 215 220 

agt ttg get cca ata tct gga aca gtt caa agt get cat ctt att ata 723 
Ser Leu Ala Pro He Ser Gly Thr Val Gin Ser Ala His Leu lie lie 
225 230 235 

aga ttt gac gaa aat gga gtg eta eta aac aat tec ttc ctg gac cca 771 
Arg Phe Asp Glu Asn Gly Val Leu Leu Asn Asn Ser Phe Leu Asp Pro 
240 245 250 

gaa tat tgg aac ttt aga aat gga gat ctt act gaa ggc aca gee tat 819 
Glu Tyr Trp Asn Phe Arg Asn Gly Asp Leu Thr Glu Gly Thr Ala Tyr 
255 260 265 



-31- 



aca aac get gtt gga ttt atg cct aac eta tea get tat cca aaa tct 867 
Thr Asn Ala Val Gly Phe Met Pro Asn Leu Ser Ala Tyr Pro Lys Ser 
270 275 280 2 85 

cac ggt aaa act gee aaa agt aac att gtc agt caa gtt tac tta aac 915 
His Gly Lys Thr Ala Lys Ser Asn He Val Ser Gin Val Tyr Leu Asn 
290 295 300 

gga gac aaa act aaa cct gta aca eta acc att aca eta aac ggt aca 963 
Gly Asp Lys Thr Lys Pro Val Thr Leu Thr He Thr Leu Asn Gly Thr 
305 310 315 

cag gaa aca gga gac aca act cca agt gca tac tct atg tea ttt tea 1011 
Gin Glu Thr Gly Asp Thr Thr Pro Ser Ala Tyr Ser Met Ser Phe Ser 
320 325 330 

tgg gac tgg tct ggc cac aac tac att aat gaa ata ttt gec aca tec 1059 
Trp Asp Trp Ser Gly His Asn Tyr He Asn Glu He Phe Ala Thr Ser 
335 340 345 

r 

tct tac act ttt tea tac att gec caa gaa taa agaageggee gcgttatgaa 1112 
Ser Tyr Thr Phe Ser Tyr He Ala Gin Glu * 
350 355 

gggegaatte cagcacantg-gcggccgtta ttagtggatc cgagntcatg ca 1164 

<210> 51 
<211> 359 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad5deltas 
<400> 51 

Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro 

15 10 15 

Tyr Asp Thr Glu Thr Gly Pro Pro Thr Val Pro Phe Leu Thr Pro Pro 

20 25 30 

Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Gly Val Leu Ser 

35 40 45 

Leu Arg Leu Ser Glu Pro Leu Val Thr Ser Asn Gly Met Leu Ala Leu 

50 55 60 

Lys Met Gly Asn Gly Leu Ser Leu Asp Glu Ala Gly Asn Leu Thr Ser 
65 7 0 75 * 80 

Gin Asn Val Thr Thr Val Ser Pro Pro Leu Lys Lys Thr Lys Lys Lys 

85 90 95 

Leu Glu Val Asn Leu Ser Thr Ala Lys Gly Leu Met Phe Asp Ala Thr 

100 105 110 

Ala He Ala He Asn Ala Gly Asp Gly Leu Glu Phe Gly Ser Pro Asn 

115 120 125 

Ala Pro Asn Thr Asn Pro Leu Lys Thr Lys He Gly His Gly Leu Glu 

130 135 140 

Phe Asp Ser Asn Lys Ala Met Val Pro Lys Leu Gly Thr Gly Leu Ser 
" 5 150 155 160 

Phe Asp Ser Thr Gly Ala He Thr Val Gly Asn Lys Asn Asn Asp Lys 

165 170 175 

Leu Thr Leu Trp Thr Thr Pro Ala Pro Ser Pro Asn Cys Arg Leu Asn 

1B0 185 190 

Ala Glu Lys Asp Ala Lys Leu Thr Leu Val Leu Thr Lys Cys Gly Ser 

195 200 205 

Gin He Leu Ala Thr Val Ser Val Leu Ala Val Lys Gly Ser Leu Ala 

210 215 220 

Pro lie Ser Gly Thr Val Gin Ser Ala His Leu He lie Arg Phe Asp 
225 230 235 240 
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Glu 


Asn 


Gly 


Val 


Leu 










245 


Asn 


Phe 


Arg 


Asn 


Gly 








260 


Val 


Gly 


Phe 


Met 


Pro 






275 






Thr 


Ala 


Lys 


Ser 


Asn 




290 








Thr 


Lys 


Pro 


Val 


Thr 


305 










Gly 


Asp 


Thr 


Thr 


Pro 










325 


Ser 


Gly 


His 


Asn 


Tyr 








340 




Phe 


Ser 


Tyr 


He 


Ala 



355 



Leu Asn Asn Ser Phe Leu 
250 

Asp Leu Thr Glu Gly Thr 

265 

Asn Leu Ser Ala Tyr Pro 
280 

He Val Ser Gin Val Tyr 
295 

Leu Thr He Thr Leu Asn 
310 315 
Ser Ala Tyr Ser Met Ser 
330 

He Asn Glu He Phe Ala 
345 

Gin Glu 



Asp 


Pro 


Glu Tyr Trp 






255 


Ala 


Tyr 


Thr Asn Ala 






270 


Lys 


Ser 


His Gly Lys 




285 


Leu 


Asn 


Gly Asp Lys 


300 




Gly 


Thr 


Gin Glu Thr 






320 


Phe 


Ser 


Trp Asp Trp 






335 


Thr 


Ser 


Ser Tyr Thr 






350 



<210> 52 
<211> 1920 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ad5s/Ad37k fiber 
<221> CDS 

<222> (13) ... (1755) 

<221> misc_f eature 
<222> 1867, 1875 
<223> n = A,T,C or G 



<400> 52 

gcaagatcca ag atg aag cgc gca aga ccg tct gaa gat acc ttc aac ccc 51 ■ 
Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro 
1 5 10 

5*? S° a l at 9aC aCg gaa acc ggt cct cca act 3tg cct ttt ctt 99 
Val Tyr Pro Tyr Asp Thr Glu Thr Gly Pro Pro Thr Val Pro Phe Leu 
15 20 25 

SS* S Ct t° C 2 t 9t f tCC CCC aat ggg tt:t caa 9 a 9 a 9t ccc cct ggg 147 
Thr Pro Pro Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Gl? 



40 45 



? tC o Ct * tg C9C Cta tcc gaa cct cta 9 tt: a ^c tec aat ggc atq 195 
Val Leu Ser Leu Arg Leu Ser Glu Pro Leu Val Thr Ser Asn lly Me? 

50 55 el 

ctt gcg etc aaa atg ggc aac ggc etc tct ctg gac gag qcc aac aac 243 
Leu Ala Leu- Lys Met Gly Asn Gly Leu Ser Leu Isp Glu Ma lly Asn 
6 » 70 75 

rl fc l CC S? a aaC gta acc act 9 C 9 age cca cct etc aaa aaa acc 
Leu Thr Ser Gin Asn Val Thr Thr Val Ser Pro Pro Leu Lys Lys Thr 
80 85 90 

ff,! c° a aaC a ^ a aac ctg gaa ata tct 9 ca ccc c tc aca gtt acc tea 
Lys Ser Asn He Asn Leu Glu He Ser Ala Pro Leu Thr val Thr Ser 
95 100 105 

gaa gee cta act gtg get gec gec gca cct cta atg gtc gcq qqc aac 387 
Glu Ala Leu Thr Val Ala Ala Ala Ala Pro Leu Me? Val 111 GlJ Asn 
±j.u 115 120 



291 



339 



125 
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aca etc acc atg caa tea caq qcc cca eta arr ohrr M ^ «- 
Thr Leu Thr Met Gin Ser Gin ffi Sg Eeu Thr » ffi Asp sir £ ^ 
130 "5 140 

£ IS £ E S IK 15 E £ £ S3 £ ffi 15 S 2 483 

150 155 

gec ctg caa aca tea ggc ccc etc acc acc acc gat age aqt acc ctt »i 
Ala Leu Gin Thr Ser Gly Pro Leu Thr Thr Thr Asp sir Ser Thr lln 
0 lg 5 170 

£ S £ S IS IS IS 2 £ £ E £ 85 S H If? 579 

180 185 

att gac ttg aaa gag ccc att tat aca caa aat gg a aaa eta aaa rt- a con 
lie Asp Leu Lys Glu Pro lie Tyr Thr Gin Asn H? Lys lln Gly Seu 
195 200 * 205 

b a is e s a a e £ a 5 2 2 s a si 675 

10 21 5 220 

3 fc ? f? 3 2^ 2 9t Cca 99t gtq act att aa t aat act tec ttg caa act 721 
Val Ala Thr Gly Pro Gly Val Thr lie Asn Asn Thr Ser Leu G*n ?hr 
225 230 235 

si a s if* k a 15 111 a a si if? a a a a 771 

" u 245 



250 



v ? ff a S? a 9 ? a Cta a " att 9at tct caa a *c aga cgc ctt ata 
Asn Val Ala Gly Gly Leu Arg lie Asp Ser Gin Asn Arg Sg Leu Ue 
^=>:> 260 2S5 



370 375 3iS 
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819 



ctt gat gtt agt tat ccg ttt gat get caa aac caa cta aat cta aaa Bfi7 
Leu Asp Val Ser Tyr Pro Phe Asp Ala Gin Asn Gin Leu Asn Leu A?g 8 " 
275 280 285 

t ta 2? a ~? 9 " C cct ctt fctt ata aac tea gec cac aac ttq aat att <n ^ 
Leu Gly Gin Gly Pro Leu Phe He Asn Ser Ala His Asn Leu Itp Ue 
290 295 300 

e a e a a; a a a a s a a a a a a - 
a a 85 a s a s a a a 15 a a a a e 1011 

• 3Z0 325 330 

Thr Iff fl 3 Iff a i fc aat f? a 9 ? a 9at 999 ctt aaa ttt ggt tea cct 1059 
Thr Ala lie Ala lie Asn Ala Gly Asp Gly Leu Glu Phe Gly Ser Pro 

340 345 

A«n f?* = Ca aaC a u a aat ccc ctc aaa aca aaa a tt ggc cat ggc cta 1107 
Asn Ala Pro Asn Thr Asn Pro Leu Lys Thr Lys lie Gly Sis Gly Leu 

J55 360 365 

r 3a nu« f at l ca aac aa 9 °ct atg gtt cct aaa cta gga act aac ctt lis* 
Glu Phe Asp Ser Asn Lys Ala Met Val Pro Lys Leu Gly Thr Gly Leu * 



Provisional Application 
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agt ttt gac age aca ggt gec att aca gta gga aac aaa aat aat gat 1203 
Ser Phe Asp Ser Thr Gly Ala He Thr Val Gly Asn Lys Asn Asn Asp 
385 390 395 

aag eta act ttg tgg acc aca cca gac act agt cca aac tgc aca att 1251 
Lys Leu Thr Leu Trp Thr Thr Pro Asp Thr Ser Pro Asn Cys Thr He 
400 405 410 

get caa gat aag gac tct aaa etc act ttg gta ctt aca aag tgt gga 1299 
Ala Gin Asp Lys Asp Ser Lys Leu Thr Leu Val Leu Thr Lys Cys Gly 
415 ' 420 425 

agt caa ata tta get aat gtg tct ttg att gtg gtc gca gga aag tac 1347 
Ser Gin He Leu Ala Asn Val Ser Leu He Val Val Ala Gly Lys Tyr 
430 435 440 445 

cac ate ata aat aat aag aca aat cca aaa ata aaa agt ttt act att 1395 
His He He Asn Asn Lys Thr Asn Pro Lys He Lys Ser Phe Thr He 
450 455 460 

aaa ctg eta ttt aat aag aac gga gtg ctt tta gac aac tea aat ctt 1443 
Lys Leu Leu Phe Asn Lys Asn Gly Val Leu Leu Asp Asn Ser Asn Leu 
465 470 475 

gga aaa get tat tgg aac ttt aga agt gga aat tec aat gtt teg aca 14 91 
Gly Lys Ala Tyr Trp Asn Phe Arg Ser Gly Asn Ser Asn Val Ser Thr 
480 485 490 

get tat gaa aaa gca att ggt ttt atg cct aat ttg gta gcg tat cca 1539 
Ala Tyr Glu Lys Ala He Gly Phe Met Pro Asn Leu Val Ala Tyr Pro 
495 500 505 

aaa ccc agt aat tct aaa aaa tat gca aga gac ata gtt tat gga act 1587 
Lys Pro Ser Asn Ser Lys Lys Tyr Ala Arg Asp He Val Tyr Gly Thr 
510 515 520 525 

ata tat ctt ggt gga aaa cct gat cag cca gca gtc att aaa act acc 1635 
He Tyr Leu Gly Gly Lys Pro Asp Gin Pro Ala Val He Lys Thr Thr 
530 535 540 

ttt aac caa gaa act gga tgt gaa tac tct ate aca ttt aac ttt agt 1683 
Phe Asn Gin Glu Thr Gly Cys Glu Tyr Ser He Thr Phe Asn Phe Ser 
545 550 555 

tgg tec aaa acc tat gaa aat gtt gaa ttt gaa acc acc tct ttt acc 1731 
Trp Ser Lys Thr Tyr Glu Asn Val Glu Phe Glu Thr Thr Ser Phe Thr 
560 565 570 

ttc tec tat att gec caa gaa tga aaaageggee gctcgagtct agagqgcccq 1785 
Phe Ser Tyr He Ala Gin Glu * ' ~~ " 

575 580 

tttaaacccg ctgatcagcc tcgactgtgc cttctagttg ccagccatct gttgtttgcc 1845 
cctcccccgt gccttccttg ancctggaan gtgccactcc cactgtcctt tcctaataaa 1905 
atgaggaaat gcatc 1920 

<210> 53 
<211> 580 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad5s/Ad37k 
<400> 53 
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Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro 
Tyr Asp Thr Glu Thr Gly Pro Pro Thr Val Pro Phe Leu Thr Pro Pro 



Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Gly III Leu Ser 

35 40 45 

Leu Arg Leu Ser Glu Pro Leu Val Thr Ser Asn Gly Met Leu Ala Leu 

u 55 g0 

Lys Met Gly Asn Gly Leu Ser Leu Asp Glu Ala Gly Asn Leu Thr Ser 

Gin Asn Val Thr Thr Val Ser Pro Pro Leu Zys Lys Thr Lys Ser Asn 

He Asn Leu Glu He Ser Ala Pro Leu Thr Val Thr Ser Glu Ala Leu 

105 110 
Thr Val Ala Ala Ala Ala Pro Leu Met Val Ala Gly Asn Thr Leu Thr 

120 125 
Met Gin Ser Gin Ala Pro Leu Thr Val His Asp Ser Lys Leu Ser lie 

Ala Thr Gin Gly Pro Leu HI Val Ser Glu Gly lyl Leu Ala Leu Gin 

150 155 _ r 

Thr Ser Gly Pro Leu Thr Thr Thr Asp Ser Ser Thr Leu Thr lie Tnr" 



Ala Ser Pro Pro Leu Thr Thr Ala Thr Gly Ser Leu Gly lie Asp Leu 
i?° - 185 190 



* 65 _. 170 ' 175 

Asp 

Lys Glu Pro lie Tyr Thr Gin -Asn Sly Lys Leu Gly Leu lyl Tyr Gly 

200 205 
Ala Pro Leu His Val Thr Asp Asp Leu Asn Thr Leu Thr Val Ala Thr 

Gly Pro Gly Val Thr lie Asn Asn Thr Ser Leu Gin Thr Lys Val Thr 

230 235 
Gly Ala Leu Gly Phe Asp Ser Gin Gly Asn Met Gin Leu Asn Val Ala 

245 250 5 rr 

Gly Gly Leu Arg He Asp ser Gin Asn Arg Arg Leu lie Leu Asp Val 

260 2fi 5 270 

Ser Tyr Pro Phe Asp Ala Gin Asn Gin Leu Asn Leu Arg Leu Gly Gin 

280 285 
Gly Pro Leu Phe He Asn Ser Ala His Asn Leu Asp He Asn Tyr Asn 

295 300 
Lys Gly Leu Tyr Leu Phe Thr Ala Ser Asn Asn Ser Lys Lys Leu Glu 

315 "\or\ 
Val Asn Leu Ser Thr Ala Lys Gly Leu Met Phe Asp Ala Thr Ala He 

330 33c 
Ala He Asn Ala Gly Asp Gly Le U Glu Phe Gly Ser Pro Asn Ala Pro 

345 T CA 

Asn Thr Asn Pro Leu Lys Thr Lys He Gly His Gly Leu Glu Phe Asp 

360 365 
Ser Asn Lys Ala Met Val Pro Lys Leu Gly Thr Gly Leu Ser Phe Asp 

Ser Thr Gly Ala He Thr Val Gly Asn Lys Asn Asn Asp Lys Leu Thr 
390 395 4Q0 

Asp 
He 

Leu Ala Asn Val Ser Leu He Val Val Ala Gly Lys Tyr Hil He He 
* * 440 445 

Asn Asn Lys Thr Asn Pro Lys He Lys Ser Phe Thr He Lys Leu Leu 

455 A. C f\ 

Phe Asn Lys Asn Gly Val Leu Leu Asp Asn Ser Asn Leu Gly Lys Ala 
470 4 ?5 480 

Asn Val Ser Thr Ala Tyr 
490 495 

500 coc Val Ala Tyr Pro L * B ~ 

- _ 5 °5 510 



Leu Trp Thr Thr Pro Asp Thr Ser Pro Asn Cys Thr He Ala Gin Asp 

405 410 A! c 

Lys Asp Ser Lys Leu Thr Leu Val Leu Thr Lys Cys Gly Ser Gin He 
42 ? 425 430 



Tyr Trp Asn Phe Arg Ser Gly Asn Ser Asn Val Ser Thr Ala Tyr Glu 

490 i qp 

Lys Ala He Gly Phe Met Pro Asn Leu Val Ala Tyr Pro Lys til Ser 

505 ci a 

Asn Ser Lys Lys Tyr Ala Arg Asp He Val Tyr Gly Thr He Tyr Leu 
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515 






Gly 


Gly Lys 


Pro Asp 


Gin 




530 






Glu 


Thr Gly 


Cys Glu 


Tyr 


545 






550 


Thr 


Tyr Glu 


Asn Val 


Glu 






565 




He 


Ala Gin 


Glu 








580 





520 525 
Pro Ala Val lie Lys Thr Thr Phe Asn Gin 
535 540 

Ser He Thr Phe Asn Phe Ser Trp Ser Lys 
u , 555 560 

Phe Glu Thr Thr Ser Phe Thr Phe Ser Tyr 
570 575 



<210> 54 
<211> 1767 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ad5s/Ad37s fiber 
<221> CDS 

<222> (13) . . . (1749) 
<400> 54 

atgggatcca ag atg aag cgc gca aga ccg tct gaa gat acc ttc aac ccc 51 
Met Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro 
1 5 10 

gtg tat cca tat gac acg gaa acc ggt cct cca act gtg cct ttt ctt 99 
Val Tyr Pro Tyr Asp Thr Glu Thr Gly Pro Pro Thr Val Pro Phe Leu 
15 20 25 

act cct ccc ttt gta tec ccc aat ggg ttt caa gag agt ccc cct ggq 147 
Thr Pro Pro Phe Val Ser Pro Asn Gly Phe Gin Glu Ser Pro Pro Gly 
30 35 40 45 

gta etc tct ttg cgc eta tec gaa cct eta gtt acc tec aat ggc atg 195 
Val Leu Ser Leu Arg Leu Ser- Glu Pro Leu Val Thr Ser Asn Gly Met 
50 55 60 

ctt gcg etc aaa atg ggc aac ggc etc tct ctg. gac gag gee ggc age 243 
Leu Ala Leu Lys Met Gly Asn Gly Leu Ser Leu Asp Glu Ala Gly Ser 
65 70 * 75 

eta act gta aac cct aag get cca ctg caa gtt aat act gat tea aac 291 
Leu. Thr Val Asn Pro Lys Ala Pro Leu Gin Val Asn Thr Asp Ser Asn 
80 85 90 

ata aac ctg gaa ata tct gca ccc etc aca gtt acc tea gaa gec eta 339 
He Asn Leu Glu He Ser Ala Pro Leu Thr Val Thr Ser Glu Ala Leu 
95 100 105 

Thr fit? ?? C ?? a « Ct Cta at9 gtc gcg ggc aac aca etc acc 

Thr Val Ala Ala Ala Ala Pro Leu Met Val Ala Gly Asn Thr Leu Thr 

110 115 120 125 

£5? S? a o° a ~? 9 g ? c ccg cta acc gtg cac gac tcc aaa <= tt: att 435 
Met Gin Ser Gin Ala Pro Leu Thr Val His Asp Ser Lys Leu Ser He 

130 135 140 

??f S? a 2? a CCC Ctc !!? a gtg tca gaa 99 a aa * cta gee ctg caa 483 
Ala Thr Gin Gly Pro Leu Thr Val Ser Glu Gly Lys Leu Ala Leu Gin 
145 150 155 



387 



r£ a o° a 2? C ccc ctc acc acc acc gat a SC agt acc ctt act ate act 
Thr Ser Gly Pro Leu Thr Thr Thr Asp Ser Ser Thr Leu Thr He Thr 



531 
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160 165 170 

gcc tea ccc cct eta act act gec act ggt age ttg ggc att gac tta 
Ala Ser Pro Pro Leu Thr Thr Ala Thr Gly Ser Leu Gly lie lip Leu 
175 180 185 



aaa 



315 



330 



gcc att aat gca gga gat ggg ctt gaa ttt ggt tea cct aat gca cca 
Ala lie Asn Ala Gly Asp Gly Leu Glu Phe Gly Ser Pro Asn 111 Pro 
335 340 345 



aac aca aat ccc etc aaa aca aaa att ggc cat ggc eta qaa ttt aat 
Asn Thr Asn Pro Leu Lys Thr Lys lie Gly His Gly Leu Glu Phe Asp 
350 355 360 26 l 



579 



627 



gag ccc att tat aca caa aat gga aaa eta gga eta aaa tac aaa 
Lys Glu Pro He Tyr Thr Gin Asn Gly Lys Leu Gly Leu Lyl Gl? 

get cct ttg cat gta aca gac gac eta aac act ttg ace gta qca act 675 
Ala Pro Leu His Val Thr Asp Asp Leu Asn Thr Leu Thr Val Ala Thr 
210 215 220 



ggt cca ggt gtg act att aat aat act tec ttg caa act aaa qtt act 723 
Gly Pro Gly Val Thr lie Asn Asn Thr Ser Leu Gin Thr lyt vll Thr 
225 230 235 

gga gcc ttg ggt ttt gat tea caa ggc aat atg caa ctt aat gta gca 771 
Gly Ala Leu Gly Phe Asp Ser Gin Gly Asn Met Gin Leu Asn Val Ala 



240 ~ 245 250 

gga gga eta agg att gat tct caa aac aga cgc ctt ata ctt gat gtt 819 
Gly Gly Leu Arg lie Asp Ser Gin Asn Arg Arg Leu lie Leu fsp Val 
255 260 265 

agt tat ccg ttt gat get caa aac caa eta aat eta aga eta aaa caa 867 
Ser Tyr Pro Phe Asp Ala Gin Asn Gin Leu Asn Leu tog Leu Gl? G?n 
270 275 280 ~ 28 5 

ggc cct ctt ttt ata aac tea gcc cac aac ttg gat att aac tac aac <n 5 
Gly Pro Leu Phe lie Asn Ser Ala His Asn Leu Asp lie j££ i£ Asn 
290 295 300 

aaa ggc ctt tac ttg ttt aca get tea aac aat tec aaa aag ctt gag 
Lys Gly Leu Tyr Leu Phe Thr Ala Ser Asn Asn Ser Lys Lyf Leu Glu 



963 



gtt aac eta age act gcc aag ggg ttg atg ttt gac get aca gcc ata 1011 
Val Asn Leu Ser Thr Ala Lys Gly Leu Met Phe Asp Ila Thr 111 Tit 



1059 



1107 



tea aac att ggt ata aat gta aga gca aga gaa ggg ttq aca ttt aac ii« 
Ser Asn lie Gly lie Asn Val Arg Ala Arg Glu Gl? Leu Thr Pne !sp 
370 375 380 

aat gat ggt gcc att aca gta gga aac aaa aat aat gat aag eta act 1203 
Asn Asp Gly Ala He Thr Val Gly Asn Lys Asn Asn Asp lyl Leu Thr 
385 390 395 



r t9 5" 2?° a ? a cca 9ct cca tct cct aac aga eta aat gca qaq 12S1 

Trp Thr Thr Pro Ala Pro Ser Pro Asn C?s Arg Leu Asn Ala Glu 
4U0 405 410 

aaa gat get aaa etc act ttg gtc tta aca aaa tgt qqc aqt caa Ah* ioqq 

Lys Asp Ala Lys Leu Thr Leu Val Leu Thr Lys C?s Gly sir G?n n ^ 
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2 s s s £ sj a is js e as e a s s s 

435 440 445 

s a; a s s s e a e s g « e c s - 

* 5 ° 4g 5 460 

« 2 £ E E IS E 3 5 S ffi E E E E 
E E If j E 2 E E E S E E £ E E E g 

485 490 

E S E E E E E E E E E E E E E K 

500 505 

III S E E E E E e E E E E E E E E 

520 525 

E S E E E E E E E E E S ffi E E E 

535 540 

E E E E E E E E E E E g E E E E 

550 555 

E E E E EE S E E E E E E £ E E 

565 570 
£r S £ ffi S T ^aagcggcc gcgttatg 

575 



1347 



1395 



1443 



1491 



1539 



1587 



1635 



1683 



1731 



1767 



<210> 55 
<211> 578 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad5s/Ad37a 

<400> 55 
Met : 
1 



50" 



65 



Arg Ala 


Arg 
5 


Pro Ser 


Thr Glu 


Thr 


Gly Pro 


20 




Ser Pro 


Asn 


Gly Phe 


35 




Leu Ser 


Glu 


Pro Leu 


Gly Asn 




55 


Gly 


Leu Ser 






70 


Lys Ala 


Pro 


Leu Gin 




85 




Ser Ala 


Pro 


Leu Thr 


100 







Glu Asp Thr Phe 
10 

Val Pro 



Pro Thr 

25 
Gin Glu 
40 

Val Thr 

Leu Asp 

Val Asn 

Val Thr 
105 



Ser Pro 

Ser Asn 

Glu Ala 

75 
Thr Asp 
90 

Ser Glu 



Asn Pro 

Phe Leu 

Pro Gly 

45 
Gly Met 
60 

Gly Ser 
Ser Asn 
Ala Leu 



Val Tyr Pro 
15 

Thr Pro Pro 

30 . 

Val Leu Ser 

Leu Ala Leu 

Leu Thr Val 
80 

lie Asn Leu 
95 

Thr Val Ala 
110 
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Ala Ala Ala Pro Leu Met Val Ala Gly Asn Thr Leu Thr Met Gin Ser 

120 125 
Gin Ala Pro Leu Thr Val His Asp Ser Lys Leu Ser He Ala Thr Gin 

135 140 
Gly Pro Leu Thr Val Ser Glu Gly Lys Leu Ala Leu Gin Thr Ser Gly 
J-*o 150 155 - 1 



Pro Leu Thr Thr Thr Asp Ser Ser Thr Leu Thr lie Thr Ala Ser Pro 



165 



170 17t= 
Pro Leu Thr Thr Ala Thr Gly Ser Leu Gly lie Asp Leu Lys Glu Pro 

185 190 
He Tyr Thr. Gin Asn Gly Lys Leu Gly Leu Lys Tyr Gly Ala Pro Leu 

95 200 205 

His Val Thr Asp Asp Leu Asn Thr Leu Thr Val Ala Thr Gly Pro Glv 

210 215 220 

Val Thr lie Asn Asn Thr Ser Leu Gin Thr Lys Val Thr Gly Ala Leu 

235 240 
Gly Phe Asp Ser Gin Gly Asn Met Gin Leu Asn Val Ala Gly Gly Leu 

245 250 255 

Arg He Asp Ser Gin Asn Ar 9 Arg Leu He Leu Asp Val Ser Tyr Pro 

260 265 270 

Phe Asp Ala Gin Asn Gin Leu Asn Leu Arg Leu Gly Gin Gly Pro Leu 
5 280 285 

III Ala HiS Asn Leu As P Ile Asn A sn Lys Gly Leu 

7 , 295 / 300 

Tyr Leu Phe Thr Ala Ser Asn Asn Ser Lys Lys Leu Glu Val Asn Leu 
** ** -315 Ton 

Ser Thr Ala Lys Gly Leu Met Phe Asp Ala Thr Ala Ile Ala Ile Asn 

325 330 
Ala Gly Asp Gly Leu Glu Phe Gly Ser Pro Asn Ala Pro Asn Thr Asn 

340 345 3 50 

Pro Leu Lys Thr Lys Ile Gly His Gly Leu Glu Phe Asp Ser Asn Ile 

360 355 
Gly lie Asn Val Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp Gly 

J '0 375 380 

Ala lie Thr Val Gly Asn Lys Asn Asn Asp Lys Leu Thr Leu Trp Thr 
390 395 400 

Thr Pro Ala Pro Ser Pro Asn Cys Arg Leu Asn Ala Glu Lys Asp Ala 

405 410 415 

Lys Leu Thr Leu Val Leu Thr Lys Cys Gly Ser Gin Ile Leu Ala Thr 

Val Ser Val Leu Ala Val Lys Gly Ser Leu Ala Pro Ile Ser Gly Thr 

435 440 445 * 

Val Gin Ser Ala His Leu Ile lie Arg Phe Asp Glu Asn Gly Val Leu 

41)0 455 460 

Leu Asn Asn Ser Phe Leu Asp Pro Glu Tyr Trp Asn Phe Arg Asn Gly 

Asp Leu Thr Glu Gly Thr Ala Tyr Thr Asn ill Val Gly Phe Met Pro 

, 485 490 495 

Asn Leu Ser Ala Tyr Pro Lys Ser His Gly Lys Thr Ala Lys Ser Asn 

500 505 510 

He Val Ser Gin Val Tyr Leu Asn Gly Asp Lys Thr Lys Pro Val Thr 

520 525 
Leu Thr Ile Thr Leu Asn Gly Thr Gin Glu Thr Gly Asp Thr Thr Pro 

Jg 535 540 

Ser Ala Tyr Ser Met Ser Phe Ser Trp Asp Trp Ser Gly His Asn Tyr 

555 c c r\ 

He Asn Glu Ile Phe Ala Thr Ser Ser Tyr Thr Phe Ser Tyr Ile Ala 

Gin Glu 565 570 57 5 



<210> 56 
<211> 1132 
<212> DNA 
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Provisional Application 



<213> Artificial Sequence 
<220> 

<223> Ad37s/Ad5k fiber 
<221> CDS 

<222> (16) . . . (1116) 

<221> misc_feature 
<222> 1125 

<223> n » A,T,C or 6 



.3" i 



<400> 56 

gtcgcaagat ccaag atg aag agg gcc egg ccc age gaa gat gac ttc aac 
Met Lys Arg Ala Arg Pro Ser Glu Asp Asp Phe Asn 
1 5 10 

Z CC S 6 ? I aC S° C £ at 9 ? c tac gcg c 39 aat cag aat ate ccc ttc etc 
Pro Val Tyr Pro Tyr Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu 
15 20 



25 



act ccc ccc ttt gtc tec tec gat gga ttc aaa aac ttc ccc cct ggq 
Thr Pro Pro Phe Val Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly 
30 35 40 

gta ctg tea etc aaa ctg get gat cca ate ace att acc aat ggg gat 
Val Leu Ser Leu Lys Leu Ala Asp Pro He Thr He Thr Asn Gly Asp 
45 50 55 6 o 

gta tec etc aag gtg gga ggt ggt etc act ttg caa gat gga age eta 
Val Ser Leu Lys Val Gly Gly Gly Leu Thr Leu Gin Asp Gly Ser Leu 
65 70 



75 



t£ lit S Ct f 39 CCa Ctg caa gtt aat act 9 at aaa aaa ctt 
Thr Val Asn Pro Lys Ala Pro Leu Gin Val Asn Thr Asp Lys Lys Leu 
80 85 



90 



gag ctt gca tat gat aat cca ttt gaa agt agt get aat aaa ctt agt 
Glu Leu Ala Tyr Asp Asn Pro Phe Glu Ser Ser Ala Asn Lys Leu Ser 
95 100 105 

tta aaa gta gga cat gga tta aaa gta tta gat gaa aaa aqt act aca 
Leu Lys Val Gly His Gly Leu Lys Val Leu Asp Glu Lys Ser Ala Ala 



120 



ggg tta aaa gat tta att ggc aaa ctt gtg gtt tta aca gga aaa qqa 
Gly Leu Lys Asp Leu He Gly Lys Leu Val Val Leu Thr Gly Lys Gly 
125 130 135 140 

r^ a 2?° 2? 9aa aat tta gaa aat aca aat aat a 9c age aga gga att 
He Gly Thr Glu Asn Leu Glu Asn Thr Asp Gly Ser Ser Arg Gly lie 
145 150 155 

Tit n at n 9a f f a a9a 9aa 999 tt9 aca tfct aac aat S^t gga 
Gly. He Asn Val Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp Gly 
160 165 170 

j tg ?, ta ?n a E 99 aaC CCa aag tat 9ac acg C 9 C act ttg tgg acc 
Tyr Leu Val Ala Trp Asn Pro Lys Tyr Asp Thr Arg Thr Leu Trp Thr 
175 180 185 

Tht f ? fc S ca o Ct cct aac tgt aga Cta aat gca aao aaa 9 a t get 
Thr Pro Ala Pro Ser Pro Asn Cys Arg Leu Asn Ala Glu Lys Asp Ala 

190 195 200 
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Provisional Application 



aaa etc act ttg gtc tta aca aaa tgt ggc agt caa ata ctt get aca 675 
Lys Leu Thr Leu Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Thr 
205 210 



215 220 



f*? o° a x tg 9t ^ aaa ggc agt ttg gct cta ata tct gga aca 723 
Val Ser Val Leu Ala Val Lya Gly Ser Leu Ala Pro He Ser Gly Thr 
225 230 235 

gtt caa agt get cat ctt att ata aga ttt gac gaa aat qga gtq eta 771 
Val Gin Ser Ala His Leu lie He Arg Phe Asp Glu Asn Ily Val Leu 
240 245 250 

eta aac aat tec ttc ctg gat cca gaa tat tgg aac ttt aga aat gga 819 
Leu Asn Asn Ser Phe Leu Asp Pro Glu Tyr Trp Asn Phe Arg Asn Gly 
255 260 265 

gat ctt act gaa ggc aca gec tat aca aac get gtt gga ttt atq cct 867 
Asp Leu Thr Glu Gly Thr Ala Tyr Thr Asn Ala Val Gly Phe Me? Pro 
270 275 280 

aac eta tea get tat cca aaa tct cac ggt aaa act gec aaa agt aac 915 
Asn Leu Ser Ala Tyr Pro Lys Ser His Gly Lys Thr Ala Lys Ser Asn 
285 290 295 300 

ti* 2*? t 9t Sf a gt ^ tac " tta ""wc gga gac aaa act aaa cct gta aca 963 
lie Val Ser Gin Val Tyr Leu Asn Gly Asp Lys Thr Lys Pro Val Thr 
305 310 315 

r ta tZ C a ^ a Cta aac 9gt aca ca 9 9 aa aca gga gac aca act cca 1011 
Leu Thr lie Thr Leu Asn Gly Thr Gin Glu Thr Gly Asp Thr Thr Pro 
320 325 330 

o 9t ?? a tCt atg tca tt:t tca tgg 9ac t99 tc * ggc cac aac tac 1059 
Ser Ala Tyr Ser Met Ser Phe Ser Trp Asp Trp Ser Gly His Asn Tyr 
335 340 345 * 

Til r? 3 Ti* ?? C ^ a tCC tCt taC act tt:t tca ta <= a ^t gec 1107 

He Asn Glu He Phe Ala Thr Ser Ser Tyr Thr Phe Ser Tyr He Ala 
350 355 360 

caa gaa taa agaageggne gctcqa n „ 
Gin Glu * 1132 
365 

<210> 57 
<211> 366 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad37s/Ad5k 
<400> 57 

Met Lys Arg Ala Arg Pro Ser Glu Asp Asp Phe Asn Pro Val Tyr Pro 

5 10 15 

Tyr Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe 

20 25 30 

Val Ser Ser Asp Gly Phe Lys Asn Phe Pro' Pro Gly Val Leu Ser Leu 

35 40 45 

Lys Leu Ala Asp Pro He Thr He Thr Asn Gly Asp Val Ser Leu Lys 
50 55 g Q * 

Val Gly Gly Gly Leu Thr Leu Gin Asp Gly Ser Leu Thr Val Asn Pro 

70 75 « 0 

Lys Ala Pro Leu Gin Val Asn Thr Asp Lys Lys Leu Glu Leu Ala Tyr 
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85 90 95 



Asp Asn Pro Phe Glu Ser Ser Ala Asn Lys Leu Ser Leu Lys Val Gly 

His Gly Leu Lys Val Leu Asp Glu Lys Ser Ala Ala Gly Leu Lys Asp 

Leu lie Gly Lys Leu Val Val Leu Thr Gly Lys Gly lie Gly Thr Glu 

U5 140 
Asn Leu Glu Asn Thr Asp Gly Ser Ser Arg Gly lie Gly lie Asn Val 

Arg Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp Gly Tyr Leu Val 2 

170 T*7C 

Trp Asn Pro Lys Tyr Asp Thr Arg Thr Leu Trp Thr Thr Pro Ala Pro 
Ser Pro Asn Cys Arg Leu Asn Ala G ? U Lys Asp Ala Lys Leu Thr Leu 



200 poq 

Val Leu Thr Lys Cys Gly Ser Gin lie Leu Ala Thr Val Ser Val Leu 

215 220 

Ala Val Lys Gly Ser Leu Ala Pro lie Ser Gly Thr Val Gin Ser Ala 

His Leu lie lie Arg Phe Asp Glu Asn Gly III Leu Leu Agn Asn J£ 

Phe Leu Asp Pro Glu Tyr Trp Asn Phe Arg Asn Gly Asp Leu Thr Glu 

Gly Thr Ala Tyr Thr Asn Ala Val G^y Phe Met Pro Asn Leu Ser Ala 

Tyr Pro Lys Ser His Gly Lys Jnr Ala Lys Ser Asn S! Val Ser Gin 

295 300 



Val Tyr Leu Asn Gly Asp Lys Thr Lys. Pro Val Thr Leu Thr lie Thr 
-J1Q 315 _ _ rt 

Leu Asn Gly Thr Gin Glu Thr Gly Asp Thr Thr Pro Ser Ala Tyr Ser 

Met Ser Phe Ser Trp Asp Trp Ser Gly His Asn Tyr lie Asn Glu He 



355 360 



<210> 58 
<211> 16 
<212> PRT 

<213> Artificial Sequence 



365 



<220> 

<223> Ad37 third repeat 
<400> 58 

Gly Ser Leu Thr Val Asn Pro Lys Ala Pro Leu Gin Val Asn Thr Asp 



10 

<210> 59 
<211> 14 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad8 last repeat 
<400> 59 

Val Arg Val Gly Glu Gly Gly Gly Leu Ser Phe Asn Asp Asn 
5 10 



15 



<210> 60 
<211> 14 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad9 last repeat 
<400> 60 

Val Arg Val Gly Glu Gly Gly Gly Leu Ser Phe Asn Asn Asp 
15 10 



<210> 61 
<211> 14 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Adl5 last repeat 
<400> 61 

Val Arg Val Gly Glu Gly Gly Gly Leu Ser Phe Asn Glu Ala 
1 5 10 



<210> 62 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Penton region 
<400> 62 

His Ala He Arg Gly Asp Thr Phe 
1 5 



<210> 63 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Penton amino acid replacement 
<400> 63 

Ser Arg Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Thr Ser 
1 5 10 15 



<210> 64 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Fiber protein conserved sequence 

<400> 64 

Thr Trp Leu Thr 



<210> 65 
<21l> 4 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> HSP binding motif 

<400> 65 
Lys Lys Thr Lys 
1 



<210> 66 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad8 third repeat 



<400> 66 

Gly Lys Leu Thr Val Asn Thr Glu Pro Pro Leu His Leu Thr Asn Asn 
15 10 15 



<210> 67 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Ad9 third repeat 
<400> 67 

Gly Lys Leu Thr Val Asn Ala Asp Pro Pro Leu Gin Leu Thr Asn Asn 
15 10 15 



<210> 68 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Adl5 third repeat 
<400> 68 

Gly Asn Leu Thr Val Asn Thr Glu Pro Pro Leu Gin Leu Thr Asn Asn 
1 5 io 15 



<210> 69 
<211> 3929 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Vector pCR2.1 
<400> 69 

agcgcccaat acgcaaaccg cctctccccg 
acgacaggtt tcccgactgg aaagcgggca 
tcactcatta ggcaccccag gctttacact 
ttgtgagcgg ataacaattt cacacaggaa 
gtaccgagct cggatccact agtaacggcc 
attctgcaga tatccatcac actggcggcc 



cgcgttggcc gattcattaa tgcagctggc 60 
gtgagcgcaa cgcaattaat gtgagttagc 120 
ttatgcttcc ggctcgtatg ttgtgtggaa 180 
acagctatga ccatgattac gccaagcttg 240 
gccagtgtgc tggaattcgg cttaagccga 300 
gctcgagcat gcatctagag ggcccaattc 360 
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Provisional Appncatlon W W 22908-P1237 



gccctatagt gagtcgtatt acaattcact 
aaaccctggc gttacccaac ttaatcgcct 
taatagcgaa gaggcccgca ccgatcgccc 
atggacgcgc cctgtagcgg cgcattaagc 
accgctacac ttgccagcgc cctagcgccc 
gccacgttcg ccggctttcc ccgtcaagct 
tttagtgctt tacggcacct cgaccccaaa 
gggccatcgc cctgatagac ggtttttcgc 
agtggactct tgttccaaac tggaacaaca 
ttataaggga ttttgccgat ttcggcctat 
tttaacgcga attttaacaa aattcagggc 
agaaagccag tccgcagaaa cggtgctgac 
ggacaaggga aaacgcaagc gcaaagagaa 
gatagctaga ctgggcggtt ttatggacag 
cctctggtaa ggttgggaag ccctgcaaag 
tctgatggcg caggggatca agatctgatc 
ttgaacaaga tggattgcac gcaggttctc 
atgactgggc acaacagaca atcggctgct 
aggggcgccc ggttcttttt gtcaagaccg 
acgaggcagc gcggctatcg tggctggcca 
acgttgtcac tgaagcggga agggactggc 
tcctgtcatc ccaccttgct cctgccgaga 
ggctgcatac gcttgatccg gctacctgcc 
agcgagcacg tactcggatg gaagccggtc 
atcaggggct cgcgccagcc gaactgttcg 
aggatctcgt cgtgacccat ggcgatgcct 
gcttttctgg attcatcgac tgtggccggc 
cgttggctac ccgtgatatt gctgaagagc 
tgctttacgg tatcgccgct cccgattcgc 
agttcttctg aattgaaaaa ggaagagtat 
tccctttttt gcggcatttt gccttcctgt 
aaaagatgct gaagatcagt tgggtgcacg 
cggtaagatc cttgagagtt ttcgccccga 
agttctgcta tgtggcgcgg tattatcccg 
ccgcatacac tattctcaga atgacttggt 
tacggatggc atgacagtaa gagaattatg 
tgcggccaac ttacttctga caacgatcgg 
caacatgggg gatcatgtaa ctcgccttga 
accaaacgac gagcgtgaca ccacgatgcc 
attaactggc gaactactta ctctagcttc 
ggataaagtt gcaggaccac ttctgcgctc 
taaatctgga gccggtgagc gtgggtctcg 
taagccctcc cgtatcgtag ttatctacac 
aaatagacag atcgctgaga taggtgcctc 
agtttactca tatatacttt agattgattt 
ggtgaagatc ctttttgata atctcatgac 
ctgagcgtca gaccccgtag aaaagatcaa 
cgtaatctgc tgcttgcaaa caaaaaaacc 
tcaagagcta ccaactcttt ttccgaaggt 
tactgttctt ctagtgtagc cgtagttagg 
tacatacctc gctctgctaa tcctgttacc 
tcttaccggg ttggactcaa gacgatagtt 
Sgggggttcg tgcacacagc ccagcttgga 
acagcgtgag ctatgagaaa gcgccacgct 
ggtaagcggc agggtcggaa caggagagcg 
gtatctttat agtcctgtcg ggtttcgcca 
ctcgtcaggg gggcggagcc tatggaaaaa 
ggccttttgc tggccttttg ctcacatgtt 
taaccgtatt accgcctttg agtgagctga 
cagcgagtca gtgagcgagg aagcggaag 



ggccgtcgtt ttacaacgtc gtgactggga 420 
tgcagcacat ccccctttcg ccagctggcg 480 
ttcccaacag ttgcgcagcc tgaatggcga 540 
gcggcgggtg tggtggttac gcgcagcgtg 600 
gctcctttcg ctttcttccc ttcctttctc 660 
ctaaatcggg ggctcccttt agggttccga 720 
aaacttgatt agggtgatgg ttcacgtagt 780 
cctttgacgt tggagtccac gttctttaat 840 
ctcaacccta tctcggtcta ttcttttgat 900 
tggttaaaaa atgagctgat ttaacaaaaa 960 
gcaagggctg ctaaaggaag cggaacacgt 1020 
cccggatgaa tgtcagctac tgggctatct 1080 
agcaggtagc ttgcagtggg cttacatggc 1140 
caagcgaacc ggaattgcca gctggggcgc 1200 
taaactggat ggctttcttg ccgccaagga 1260 
aagagacagg atgaggatcg tttcgcatga 1320 
cggccgcttg ggtggagagg ctattcggct 1380 
ctgatgccgc cgtgttccgg ctgtcagcgc 1440 
acctgtccgg tgccctgaat gaactgcagg 1500 
cgacgggcgt tccttgcgca gctgtgctcg 1560 
tgctattggg cgaagtgccg gggcaggatc 1620 
aagtatccat catggctgat gcaatgcggc 1680 
cattcgacca ccaagcgaaa catcgcatcg 1740 
ttgtcgatca ggatgatctg gacgaagagc 1800 
ccaggctcaa ggcgcgcatg cccgacggcg 1860 
gcttgccgaa tatcatggtg gaaaatggcc 1920 
tgggtgtggc ggaccgctat caggacatag 1980 
ttggcggcga atgggctgac cgcttcctcg 2040 
agcgcatcgc cttctatcgc cttcttgacg 2100 
gagtattcaa catttccgtg tcgcccttat 2160 
ttttgctcac ccagaaacgc tggtgaaagt 2220 
agtgggttac atcgaactgg atctcaacag 2280 
agaacgtttt ccaatgatga gcacttttaa 2340 
tattgacgcc gggcaagagc aactcggtcg 2400 
tgagtactca ccagtcacag aaaagcatct 2460 
cagtgctgcc ataaccatga gtgataacac 2520 
aggaccgaag gagctaaccg cttttttgca 2580 
tcgttgggaa ccggagctga atgaagccat 2640 
tgtagcaatg gcaacaacgt tgcgcaaact 2700 
ccggcaacaa ttaatagact ggatggaggc 2760 
ggcccttccg gctggctggt ttattgctga 2820 
cggtatcatt gcagcactgg ggccagatgg 2880 
gacggggagt caggcaacta tggatgaacg 2940 
actgattaag cattggtaac tgtcagacca 3000 
aaaacttcat ttttaattta aaaggatcta 3060 
caaaatccct taacgtgagt tttcgttcca 3120 
aggatcttct tgagatcctt tttttctgcg 3180 
accgctacca gcggtggttt gtttgccgga 3240 
aactggcttc agcagagcgc agataccaaa 3300 
ccaccacttc aagaactctg tagcaccgcc 3360 
agtggctgct gccagtggcg ataagtcgtg 3420 
accggataag gcgcagcggt cgggctgaac 3480 
gcgaacgacc tacaccgaac tgagatacct 3540 
tcccgaaggg agaaaggcgg acaggtatcc 3600 
cacgagggag cttccagggg gaaacgcctg 3660 
cctctgactt gagcgtcgat ttttgtgatg 3720 
cgccagcaac gcggcctttt tacggttcct 3780 
ctttcctgcg ttatcccctg attctgtgga 3840 
tacccjctcgc cgcagccgaa cgaccgagcg 3900 

3929 



<210> 70 
<211> 3931 
<212> DNA 
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a? W "T/ y B.J b „ p'ihn i. A ][J .3 



22908-P1237 



<213> Artificial Sequence 



<220> 

<223> Vector pCR2.1-Topo 



<400> 70 

agcgcccaat 

acgacaggtt 

tcactcatta 

ttgtgagcgg 

gtaccgagct 

gaattctgca 

tcgccctata 

gaaaaccctg 

cgtaatagcg 

gaatggacgc 

tgaccgctac 

tcgccacgtt 

gatttagtgc 

gtgggccatc 

atagtggact 
atttataagg 
aatttaacgc 
gtagaaagcc 
■ ctggacaagg 
gcgatagcta 
gccctctggt 
gatctgatgg 
gattgaacaa 
ctatgactgg 
gcaggggcgc 
ggacgaggca 
cgacgttgtc 
tctcctgtca 
gcggctgcat 
cgagcgagca 
gcatcagggg 
cgaggatctc 
ccgcttttct 
agcgttggct 
cgtgctttac 
cgagttcttc 
attccctttt 
gtaaaagatg 
agcggtaaga 
aaagttctgc 
cgccgcatac 
cttacggatg 
actgcggcca 
cacaacatgg 
ataccaaacg 
ctattaactg 
gcggataaag 
gataaatctg 
ggtaagccct 
cgaaatagac 
caagtttact 
taggtgaaga 
cactgagcgt 
cgcgtaatct 
gatcaagagc 
aatactgttc 
cctacatacc 
tgtcttaccg 
acggggggtt 



acgcaaaccg 
tcccgactgg 
ggcaccccag 
ataacaattt 
cggatccact 
gatatccatc 
gtgagtcgta 
gcgttaccca 
aagaggcccg 
gccctgtagc 
acttgccagc 
cgccggcttt 
tttacggcac 
gccctgatag 
cttgttccaa 
gattttgccg 
gaattttaac 
agtccgcaga 
-gaaaacgcaa 
gactgggcgg 
aaggttggga 
cgcaggggat 
gatggattgc 
gcacaacaga 
ccggttcttt 
gcgcggctat 
actgaagcgg 
tcccaccttg 
acgcttgatc 
cgtactcgga 
ctcgcgccag 
gtcgtgaccc 
ggattcatcg 
acccgtgata 
ggtatcgccg 
tgaattgaaa 
ttgcggcatt 
ctgaagatca 
tccttgagag 
tatgtggcgc 
actattctca 
gcatgacagt 
acttacttct 
gggatcatgt 
acgagcgtga 
gcgaactact 
ttgcaggacc 
gagccggtga 
cccgtatcgt 
agatcgctga 
catatatact 
tcctttttga 
cagaccccgt 
gctgcttgca 
taccaactct 
ttctagtgta 
tcgctctgct 
ggttggactc 
cgtgcacaca 



cctctccccg 
aaagcgggca 
gctttacact 
cacacaggaa 
agtaacggcc 
acactggcgg 
ttacaattca 
acttaatcgc 
caccgatcgc 
ggcgcattaa 
gccctagcgc 
ccccgtcaag 
ctcgacccca 
acggtttttc 
actggaacaa 
atttcggcct 
aaaattcagg 
aacggtgctg 
gcgcaaagag 
ttttatggac 
agccctgcaa 
caagatctga 
acgcaggttc 
caatcggctg 
ttgtcaagac 
cgtggctggc 
gaagggactg 
ctcctgccga 
cggctacctg 
tggaagccgg 
ccgaactgtt 
atggcgatgc 
actgtggccg 
ttgctgaaga 
ctcccgattc 
aaggaagagt 
ttgccttcct 
gttgggtgca 
ttttcgcccc 
ggtattatcc 
gaatgacttg 
aagagaatta 
gacaacgatc 
aactcgcctt 
caccacgatg 
tactctagct 
acttctgcgc 
gcgtgggtct 
agttatctac 
gataggtgcc 
ttagattgat 
taatctcatg 
agaaaagatc 
aacaaaaaaa 
ttttccgaag 
gccgtagtta 
aatcctgtta 
aagacgatag 
gcccagcttg 



cgcgttggcc 

gtgagcgcaa 

ttatgcttcc 

acagctatga 

gccagtgtgc 

ccgctcgagc 

ctggccgtcg 

cttgcagcac 

ccttcccaac 

gcgcggcggg 

ccgctccttt 

ctctaaatcg 

aaaaacttga 

gccctttgac 

cactcaaccc 

attggttaaa 

gcgcaagggc 

accccggatg 

aaagcaggta 

agcaagcgaa 

agtaaactgg 

tcaagagaca 

tccggccgct 

ctctgatgcc 

cgacctgtcc 

cacgacgggc 

gctgctattg 

gaaagtatcc 

cccattcgac 

tcttgtcgat 

cgccaggctc 

ctgcttgccg 

gctgggtgtg 

gcttggcggc 

gcagcgcatc 

atgagtattc 

gtttttgctc 

cgagtgggtt 

gaagaacgtt 

cgtattgacg 

gttgagtact 

tgcagtgctg 

ggaggaccga 

gatcgttggg 

cctgtagcaa 

tcccggcaac 

tcggcccttc 

cgcggtatca 

acgacgggga 

tcactgatta 

ttaaaacttc 

accaaaatcc 

aaaggatctt 

ccaccgctac 

gtaactggct 

ggccaccact 

ccagtggctg 

ttaccggata 

gagcgaacga 



gattcattaa 
cgcaattaat 
ggctcgtatg 
ccatgattac 
tggaattcgc 
atgcatctag 
ttttacaacg 
atcccccttt 
agttgcgcag 
tgtggtggtt 
cgctttcttc 

ggggctccct 

ttagggtgat 

gttggagtcc 

tatctcggtc 

aaatgagctg 

tgctaaagga 

aatgtcagct 

gcttgcagtg 

ccggaattgc 

atggctttct 

ggatgaggat 

tgggtggaga 

gccgtgttcc 

ggtgccctga 

gttccttgcg 

ggcgaagtgc 

atcatggctg 

caccaagcga 

caggatgatc 

aaggcgcgca 

aatatcatgg 

gcggaccgct 

gaatgggctg 

gccttctatc 

aacatttccg 

acccagaaac 

acatcgaact 

ttccaatgat 

ccgggcaaga 

caccagtcac 

ccataaccat 

aggagctaac 

aaccggagct 

tggcaacaac 

aattaataga 

cggctggctg 

ttgcagcact 

gtcaggcaac 

agcattggta 

atttttaatt 

cttaacgtga 

cttgagatcc 

cagcggtggt 

tcagcagagc 

tcaagaactc 

ctgccagtgg 

aggcgcagcg 

cctacaccga 



tgcagctggc 

gtgagttagc 

ttgtgtggaa 

gccaagcttg 

ccttaagggc 

a gggcccaat 

tcgtgactgg 

cgccagctgg 

cctgaatggc 

acgcgcagcg 

ccttcctttc 

ttagggttcc 

ggttcacgta 

acgttcttta 

tattcttttg 

atttaacaaa 

agcggaacac 

actgggctat 

ggcttacatg 

cagctggggc 

tgccgccaag 

cgtttcgcat 

ggctattcgg 

ggctgtcagc 

atgaactgca 

cagctgtgct 

cggggcagga 

atgcaatgcg 

aacatcgcat 

tggacgaaga 

tgcccgacgg 

tggaaaatgg 

atcaggacat 

accgcttcct 

gccttcttga 

tgtcgccctt 

gctggtgaaa 

ggatctcaac 

gagcactttt 

gcaactcggt 

agaaaagcat 

gagtgataac 

cgcttttttg 

gaatgaagcc 

gttgcgcaaa 

ctggatggag 

gtttattgct 

ggggccagat 

tatggatgaa 

actgtcagac 

taaaaggatc 

gttttcgttc 

tttttttctg 

ttgtttgccg 

gcagatacca 

tgtagcaccg 

cgataagtcg 

gtcgggctga 

actgagatac 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 
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Provisional Application ^ff 22908-P1237 



.*»• -a-* m -.u *"T3' itti trm ar* as 



ctacagcgtg agctatgaga aagcgccacg 
ccggtaagcg gcagggtcgg aacaggagag 
tggtatcttt atagtcctgt cgggtttcgc 
tgctcgtcag gggggcggag cctatggaaa 
ctggcctttt c^ctggccttt tgctcacatg 
gataaccgta ttaccgcctt tgagtgagct 
cgcagcgagt cagtgagcga ggaagcggaa 



cttcccgaag ggagaaaggc ggacaggtat 3600 
cgcacgaggg agcttccagg gggaaacgcc 3660 
cacctctgac ttgagcgtcg atttttgtga 3720 
aacgccagca acgcggcctt tttacggttc 3780 
ttctttcctg cgttatcccc tgattctgtg 3840 
gataccgctc gccgcagccg aacgaccgag 3900 
g 3931 



-48- 



